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A BSTRAC T 

To fill a continued military demand for controlled explosive wave 
shaping this study has been undertaken to establish basic conditions for 
explosive systems capable of being initiated uniformly over their entire 
surface,   and to demonstrate the functioning of the proposed system for 
simple geometries.     This investigation is a continuation of that started 
under AFSWC TR-61-59.     The proposed system consists of PVA lead 
azide initiated by radiation from an argon flash bomb.    In addition to 
lead azide,   the suggested explosive train consists of PETN and Comp B. 
Uniformity of initiation in this train is quite good,   but can undoubtedly 
be improved if lead azide in sheet form becomes available.    Because 

sheet azide was unavailable,   the applicability of the proposed system has 
not been demonstrated for curved explosive surfaces,   but it is believed 
that surface initiation of curved surfaces can be achieved. 
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1.  INTnonUCTION 

a.  OBJECTIVES 

Explosive systems capable of being uniformly and simultaneously 

initiated over their entire surface are in demand for many ordnance 

developments and defense measures.  Previous study under Contract 

No. AF 29(601)-28441 showed that metal azides, initiated by high-in- 

tensity light from an argon flash bomb, gave reproducible initiation 

delays and might be expected to form the basis of a practical system 

of surface initiation.  The present investigation is designed to fill 

the gaps in basic information about the light initiation of metal azidc 

(Task I) and to apply this and previous information to the development 

of practical surface-initiation systems (Task II). 

b.  PREVIOUS WOHK 

The primary objective of the previous investigation' was to deter- 

mine factors influencing variability in metal azide initiation delay.  To 

achieve a practical surface initiation system, this variability must be 

kept small. 

The main findings may be siimmur i zed as follows: 

(1) Hall-milled PVA lead azide shows less initiation delay 
variability (jitter) than silver azide which, in turn, 
has much less jitter than dextrinated lead azide. 

(2) JilLei is reduced by placiiiK gluas or quartz "window."." 
in close contact with the azide surface facing the 
flash-bomb. 

(3) Usually jitter is a fairly con.staiil fraction of the 

initiation dplay.  To reduce absolute jitter, initia- 
tion delays should be kt\tl   small. 

14)  The product of the initiation delay times the rate 

of energy absorption of the irradiated surface is a constanl. 

(5)  'Ihe lead azide initiation process is thermal rather 
than photochemical. 



c.  ASSESSMENT OF PRESENT INVESTIGATION 

It is believed that Task I, as defined above, is now essentially 

complete.  Except for the filling in of a few details, the factors in- 

fluencing initiation delay jitter have been established.  A mechanism 

for the initiation process has been proposed which is in accord with 

almost all the experimental results.  Consequently, sufficient background 

information appears to be available for the design of a practical surface 

initiation system.  Progress in the design of a practical surface- 

initiation system was greatly hampered by the temporary unavailability 

of lead azide in the proper configuration—uniform "sheets. " However, 

it was demonstrated that the suggested system will function quite effec- 

tively for plane geometry in an explosive train consisting of closely 

spaced assemblies, containing lead azide (facing the flash-bomb) on PETN, 

over Comp B.  With the proper lead azide sheet it is certain that the 

above system will be much improved and it will also be possible to try 

to surface-initiate curved explosive surfaces. 



2.      EXPERIMENTAL 

a.    GENERAL CONSIDERATIONS 

The  main   objective  of   this   study   is   the   development   of  a  practical 

system  of  surface   initiation.      The   system  under   investigation   consists 

of   lead   azide   as   the   initiating  explosive  and   the   radiatiun   from   an   argon 

flash-bomb  as   the   energy   source.      To   achieve   the  objective,    the  jitter   in 

the   lead  azide   initiation  delay  must  be   small.     Many   factors   could   influ- 

ence   the   initiation  delay   and  delay  jitter.      The  most   obvious   is   the 

amount   and  spectral   region  of   the   absorbed   argon   radiation.      Other   factors 

might  be  particle  size,   purity,   packing density,   and   prior  conditioning 

of   the   azide.      Confinement  of   the   azide   layers  absorbing  radiation  might 

also  be   important.      Finally,    to  develop  a  practical   system,    an  explosive 

train  having  no more jitter  than  the  azide   initiation  must  be  designed 
and   tested 

For   a   better  understanding of   the   experiments   to   be   described  below, 

an   idealized  schematic presentation of the system investigated is shown in Figure 1. 
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To sludy «.lie effects of absorbed energy on initiution delay and 

delay jiller, one must measure the energy incident on the aiide und de- 

termine what fraction of this energy is absorbed.  This requires a 

knowledge of all the parameters listed in figure 1.  The effects of con- 

finement may be studied by changing the position and type of window. 

Prior conditioning of the aiide presumably affects aK   and flA.  Initiation 

deluys can be conveniently determined by viewing the azide face opposite 

that which absorbs the radiation with a streak camera, and correcting for 

the transit time of an established detonation travelling through the aiide 

assembly.  Thus measurements of azide transit times have to be made for 

various loading densities, purity, and particle sizes. 

6.  PROCEDURES AND AFPAHATUS 

(1)  LEAD AZIDE ASSEMBLIES 

The   properties  of   the   lead   azides  used   in   the  present   investi 

gatiun   are   listed   in   Table   I. 
Table   I 

LKAU AZIUE MUHMIIS 

TYPE 
PACKIM; 
DENSITV 
(f/cc) 

PARTICLE 
SIZE pimm 

PVA 2.2-3.2 ~0.5 Ikramercial;   bal 1-mi 1 led 

PVA 2.2-2.S -0.5 Up to  15% organic   im- 
purity*  deliberately 
introduced 

Colloiüal 2.5-2.6 ~2 Very  pure 

Ko r « v ■ r . 

The azide was usual ly 

contained in nylon sleeves 

which were normal 1 y0.500-inch- 

D.l). and 0. 188-inch-1. U. Occa- 

sionally steel sleeves of tiie 

.same dimensions were used. 

l.un f inement of tiie irradiated 

face was normally supplied by 

a window consisting of 1 cm- 

s<|Uiire portions of microscope 

slides 39- to 40-mils thick of either Pyrex or crown glass, or of 64-mils- 

tliick optical quartz.  Some crown glass windows were only 10-mils thick. 

Usually windows were attached to empty sleeves with Pliobond cement and 

tiie azide was loaded into these assemblies at about 5000 psi by the 

Salinas Field Station of Unidynamics.  In some instances azide was loaded 

into an assembly as described abov«, and then PfilM, of about 80 fM  particle 

size, was pressed on top of the azide.  The PKTN density ranged from 1.3 

to 1.5 g/cc. 

As will become apparent, it is highly desirable to have lead 

azide in sheet form. Preliminary attempts to make uniform sheet azide 

were not Loo successful.  Sheets up to 50-mils thick can be made by 



premixing 90 parts of lead aiide with 10 parts of Kormvar (polyvinyl 

formal) dissolved in chloroform, and tumbling the slurry for several 

hours.  The slurry is then poured into a form and the chloroform evapo- 

rated at room temperature.  The resulting sheet is surprisingly tough 

but brittle.  It is very porous having a density ranging from 1.3 to 

1.6 g/cc.  There appears to be some segregation of Formvar at the top 

and azide on the bottom of the sheet. 

(2) WINDOWS AND FILTERS 

The optical transmissivity as a function of wavelength for 

various windows and filters used in this investigation is shown in 

figure 2.  Transmissivities were determined on a Mod. 14 Carey Spectro- 

photometer.  Filter supports, when used, were made as small as possible 

and placed relatively far from the azide column so as not to interfere 

with any radiation reflected from the argon container walls. 

(3) ARGON BOXES 

In most instances the argon containers were open ended boxes 

made of front surface mirrors glued along their edpas.  A block olCompB 

was taped to one open end, and a lucite holder containing the lead azide assem- 

blies was taped to the other open end.  A small copper tube was glued into a 

hole near the Comp B end to introduce the argon.  The whole assembly was 

fairly gas tight.  The cross section of the box was 4 x 4 inches.  Box 

length was either 8 or 4 inches.  Mirrors were supplied by the Liberty 

Mirror Division, Libby-Owens-Ford Glass Company.  Most mirrors were type 

749 but in a few instances special ultraviolet reflecting mirrors were 

used.  The reflectivity of the mirrors as measured by the manufacturer 

is shown in figure 3. 

In three shots, the boxes were made of plywood with the insides 

painted a dull black. 

In one shot, a mirror box (u.v. reflecting) was in the form of 

a frustum of a pyramid, tapering over a 4 inch length from 4x4 inches 

at the a-zide end to 2 * 2 inches at the comp B end. 

For spectral distribution and temperature measurements of the 

argon flash ^-inch-l.D. lucite tubes closed at one end with a lucite 

winduw were used (small scale shots), 
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Figure 3    SPECTRAL REFLECTIVITY OF MIRROR BOX WALLS 

(4)  ARGON 

Argon was obtained from the Linde Air Heduction Company.  It 

was introduced through a copper tube about '/i inch from the bottom of the 

Comp I pad and issued through a %-inchhole near the upper corner of the 

lucite holder.  Flow at 2 psi was started at least twenty minutes before 

the shot and continued during the shot. 

(5) PLANE WAVE GENERATORS 

In all shots, a 4 x 4 x 2-inch pad of Comp B of 1.7 g/cc density 

was taped to the box in direct contact with the argon.  This pad was plane 

wave initiated by either a 4-incli " H owei-pot" 3 or by a P-40.3 The shock 

in argon was always plane to within a few shakes (0.01 /xsec). 

(6) MEASUREMENT OF INITIATION DELAY 

The use of a streak camera to measure initiating delays was 

previously1 described.  A photograph of the set up is shown in Hgure 4. 
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Figure 4 ARRANGEMENT FOR MEASURING INITIATION DELAYS 

A typical record is shown in figure 5.  Several different types of light 

breakout from the rear faces of lead azide assemblies have been observed 

(Fig. 5).  Trends in the type of breakout are listed in Table II.  A dis- 

cussion of these trends follows in Sec. 3-d. 

(7)  MEASUREMENT OF TRANSIT TIMES 

Times for a detonation to transverse a lead azide assembly 

(transit times) must be subtracted from the streak-camera time measure- 

ment (Fig. 5) to obtain initiation delays.  The method of measuring 

transit times for an established detonation has been described.  It was 

found that the transit time through an azide assembly was the same 

whether it was initiated by Primacord or by styphnate-azide detonators. 
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(8)  RELATIVE LIGHT INTENSITY 

A photomultiplier system (KCA 931) was used to obtain relative 

light intensity as previously described.  Ttie pliotomul tipl ier outputs 

were recorded as voltage-time records on Tektronix Type 531 or 555 oscillo- 

scopes.  A typical record is shown in figure 6.  Occasionally, interference 

filters, with back up filters to reduce second order transmissivity and 

decrease light intensity, were used to limit the spectral region of the 

light entering the photomultiplier. 



Table II 

TRENDS IN TYPE OF OBSEBVEU LIGHT BREAKOUT 
FHOM BEAR FACE OF LEAD AZIDE 

UNDO« 
ARGON BOX 

LENGTH 
(iackea) 

AZIDE BREAKOUT* FREQUENCY 

Pyrex 2 or  4 PVA C or St. 13/19 

Pyrex 4 or 8 Colloidal C or St. 8/9 

Pyrex 4 or 8 PVA/PETN 
compoaite 

St.  or C 16/20 

Pyrex B PVA pale B.  T or U 6/7 

Pyrex 4 or 8 PVA/Formvar St.  or 
nearly St. 

9/10 

Quarti 4 or 8 PVA S 8/10 

Pyrex ♦ 
0-52 Filter 

4 or 8 PVA c 4/5 

•c   =   ( 
St.   =    | 

B    -   \ 

T    ■    / 

S    =    < 

* U  thia   MM   the   braakout   ia   tor PETN 

-^^to 

ARRIVAL  OF  SHOCK 
/AT   vy INDpw 

w^r^N   - 

Figure 6    TYPICAL PHOTOMULTIPLIER 
RECORD OF RADIATION FROM 
AN ARGON FLASH-BOMB 
2-INCH BLACK BOX 

10 



(9)  SPECTRAL HESPONSE OF THE PHOTOMULTI PL IER 

Because the .pectral response supplied by the .n.nuf.cturer led 

to completely incoherent results, it became necessary to estabUsh our 

own spectral response curve.  Two N.B.S. calibrated tungsten lamps 

(500 watts and 100 watts) of 2854-K color temperature were used a,  nergy 

ües.  The photomultiplier was mounted on an optical bench exact y 

| Beter from the tungsten lamp.  The current to the lamp was ""'•"* 
»k« MRS calibration.  Interference 

controlled to the values given in the N.B.S. calibratio 

filters, with back-up filters to eliminate or minimize second-order 

transmissivity. were used.  The spectral transmissivities of these fil- 

ters  as measured on a Mod. 14 Carey Spectrophotometer. are given in 

Tabll III.  The photomultiplier output was measured on a sensitive 

galvanometer.  The data obtained were analyzed by the following pro- 

cedure-  If A.   is the filter transmissivity at wavelength K.   JVA is the 
i   j T - SB^K  and Pv is the spectral response blackbody radiance at \ and T - 2854 K. and rA is     y 

of the photomultiplier then 

Output       M  (1) 

Output'       A. 

pa *M* 
"3 

where the primed quantities are lor maximum observed output. P^   is taken 

to be unity, and the wavelength limits are determined by the filters used. 

Strictly speaking the P.s should be under the integral sign  but for most 

„f the regions of interest P,   does not change rapidly with K  and the above 

method greatly simplifies the computation without introducing appreciable 

errors.  The integrals were evaluated numerically from «^ vs.   K  plots, 

with N,   obtained from blackbody tables.5 The spectral response curve thus 

obtained for the photomultiplier used throughout this work is shown in 

figure 7.  It was rechecked four months after the initial calibration and 

found to be essentially unchanged. 

(10)  TEMPERATURE AND RADIATION DISTRIBUTION 
MEASUREMENTS OF SHOCKED ARGON 

As already mentioned. F.. the temperature of shocked argon must 

be known to obt.in the energy incident on the lead azide. One must also 

know how closely the radxation from shocked argon follows a blackbody 
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Figure 7 SPECTRAL RESPONSE OF PHOTOMULTIPUER 

distribution. The distribution can be obtained by viewing the radiation 

generated by a plane shock in argon with the photomultiplier system just 

described. 

For this system 

Output"' 

Output" 

'" I      Kl'"  ä "' t\"'    Iv 

A3 

(2) 

Here the Af^' s are for a fixed temperature but varying K.      The primes are 

used to distinguish different filter systems. 

As will be shown later, the emissivities ei are all very close 

to unity and can therefore be taken outside the integral.  In the expected 

temperature range the ratios of the integrals vary only very slowly with 
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T  .      This is fortunate in studying energy distribution, but it means 

tliat liq. (2) cannot be used to obtain Ta.      To get 7^ some standard source 

must be used in the same optical system and 7'o evaluated by successive 

approximations of 

Output 

Output' 
€U HhW 

(3) 

where the primed quantities are lor the standard source and output ratios 

are for the same filter. 

Most of the distribution and all temperature measurements were 
22 

made in a scaled-down system using a special plane wave generator  to 

initiate 0.5-inch-diaineter, 1-inch-long Comp B rods contained in argon 

filled, 0.5-inch-I. I). , 3-inch - long, lucite tubes closed at one end with 
o 

/to - inch lucite (lucite is transparent down to 3500 A).  A 0.27-inch- 

circular diaphragm was positioned over the center of this lucite end 

piece to cut out extraneous light.  The center of the Comp U rod was care- 

fully aligned with the photo cathode and the interference filters were 

positioned as close to it as feasible.  A 10-inch-ioca 1 - 1ength lens was 

used to focus the shot light on the photo cathode.  The optical path 

lengths were:  shot container end piece to H protective window, 

18.5 inches; protective window to focusing lens, 14.5 inches; lens to 

photo cathode; 18.5 inches.  Since a portion of the protective window 

had to be replaced after every shot, several Xe flasher  outputs were 

recorded before each shot.  Because the Xe flasher output was found to 

be constant towithin 3 percent, 'it was possible by this procedure to 

have a continuous check oti the constancy of the optical system and to cor- 

rect for the minor changes which occurred.  The photomultipiier outputs 

were recorded as voltage-time traces on Tektronix Type 53] and 555 oscil- 

loscopes . 

The standard source for the temperature measurements was a 

tungsten ribbon lamp operated at 7.59 amps.  It was carefully aligned so 

that the position of the central portion of the ribbon corresponded very 

closely to that of the center of the Comp B rods.  Its temperature was 

measured by optical pyrometers and by using i ts output ratios in Eq. (2).* 

For tanparaturei in the range of • few thoueand "K, N\   it   very •entitlta to tenper•tore, 
Eq. (2) can be uaed to determine diatribution aa well aa temperature. 

and 
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In an effort to shorten light intensity rise times (Fig. 6), 

thin discs of various materials were placed on the Comp B face exposed 

to the argon.  For the same reason, in one of the lucite shots, the 

lucite tube was flushed with argon and then filled with krypton. 

I c.  HESULTS 

(1) ARGON SHOCK VELOCITY 

A streak camera record of a plane wave initiated Comp B shock 

in argon in a 4 * 4 * 8-inch plywood box is shown in figure 8.  The impli- 

cations of the fainter luminosity ahead of the main bright shock are dis- 

cussed in the Appendix.  The main shock propagates at a steady velocity 

of 8.3 ± 0.1 mm/^isec for at least 10 cm from the Comp B face.  An average 

shock velocity of 8.3 mm//xsec can also be obtained from a relative light 

intensity record like that in figure 6. 

(2) AZIDE REFLECTIVITY 

No new measurements were made on azide reflectivity.  Diffuse 

reflectivity data were taken from previous work.1 For the convenience of 

the reader the At vs.   K  curves are reproduced in figure 9. 

(3) AZIDE ABSORPTIVITY 

The techniques for measuring azide absorption coefficients are 

described in Kef. 1.  In the previous work1 insufficient attention was 

paid to density variations in the azide aggregates for which light trans- 

mission was measured.  Better density and thickness control in the present 

series of measurements resulted in somewhat different absorption coef- 

ficients than previously reported.  The new absorption coefficients, ou , 

are given in figure 10.  They were calculated from measured transmis- 

sivities according to the relation 

aA  - -j-. [log a0//r)A+ 
loK (1 * flA^ (*) 

where p  and h  are azide aggregate density and thickness, /„ is the inci- 

dent light intensity, lT   is the transmitted light intensity, and fl, is 

the reflectivity. 
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Figure 8    STREAK CAMERA RECORD OF PLANE SHOCK 
IN ARGON - COMP B DRIVER 
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(4)  RELATIVE ANÜ EFFECTIVE LIGHT INTENSITIES 

All photomultiplier records of argon flash-bomb radiation show 

definite rise times to peak light intensity (Fig. 6).  it has been shown 

that this rise time is not caused by the electronics in the photomulti- 

plier system nor should it be caused by the very short tiroes required to 

reach ionization equilibrium (Appendix U) 

The correct explanation of the long rise times is believed to 

be as follows:  Immediately after the Comp B shock enters the argon, the 

shocked layer is very thin.  If the thin argon layer is relatively trans- 

parent, its emissivity is low and consequently the photomultiplier records 

a low light intensity.  As the shock advances, the shocked argon layer 

gets thicker und more opaque and its emissivity increases.  On this basis 

the maximum in the relative light intensity- time curve corresponds to 

radiation from a sufficiently thick argon layer to have essentially com- 

plete opacity.  Thereafter the radiation intensity could decrease because 

of (1) rarefactions, or (2) absorption of visible radiation (this is the 

only type arriving at the photo cathode) by unshocked argon which has 

been heated by u.v. radiation from the shocked argon.  The steadiness of 

the measured shock velocity in the regular shots (4 x 4-inch cross section) 

argues against the first reason.  Zeldovich6 has presented arguments in 

support of the second.  Also in support are some preliminary time-resolving 

spcctrograph records made in this laboratory.  Argon absorption lines in 

the visible region were found superimposed on the continuous radiation. 

These lines appeared about 3 /xsec after the Comp H shock entered the argon. 

This may be the heat-up time of the unshocked argon.  In any event, 2 to 

3 lisi-.i    is about the time found for noticeable decrease of the relative 

I i glit i nlensi ty . 

If the proposed explanation of the rise time is correct, then 

at any time, (, for shocked argon of thickness x,   and absorption coef- 

ficient (I , 

*•        l-e""'        l-e-at" 
I »    =     =   (5) 

1 - e   '•' 1 - e 

since the shock advances at a steady velocity U.      (The quantities labellud 

"max" are for peak light intensity.)  Equation (5) can be solved by suc- 

cessive approximations to give the values of a and e listed in Table IV. 
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Table IV 

SPECTRAL EMISSIVITV OF COMP B SHOCK IN ARGON AND KHYPTON 

AVG   1 RANGE AVG a* RANGE 
AVG  emJ FILTERS SHOTS* (Ai»«c) (/uae) (c.-1) (c--1) COMP B COVER 

U& L 600 * Wratten No.  8 2' 0.615 0.60-0.63 8.8 7.8-9.8 0.982 none 
i 

B& L 500 * Wratten  1 A 3' 0.66 0.65-0.68 7.4 6.8-7.8 0.982 

B& L 450 ♦ Wratten  1 A S 0.72 0.70-0.75 6.2 5.2-6.6 0.976 

B& L 400 ♦ Wratten  I A 2 0.81 0.77-0.85 S. 1 4.6-5.3 0.967 

B& L 400 ♦ Wratten  1 A 2 0.715 0.70-0.73 6.1 5.4-7.0 0.973 

Kodak 18 Ac 3 0.73 0.72-0.76 8.0 6.8-10.0 0.992 ^ 
B& L 450 ♦ Wratten  1 A 1* 1.35 -- 1.7 1.6-1.8 0.900 5-rail   stain- 

leaa diac 

B& L 450 ♦ Wratten  1 A l* 0.70 - 7.6 7.4-8.1 0.988 1-nil   alumi- 
nixed Mylar 

B& L 450 ♦ Wratten  1  A 1° 0.75 6.5 5.8-7.0 0.983 K-ail   Al diac 

B& L 450 ♦ Wratten  1 A l« 0.46 *' 10.16 9.9-10.4 0.979 none;   Kr gaa 

Ac   leaat   S   aaaauraaaata   per   «hot. 

♦  a  « iLi   log   (1   -   « f     |)l   aol»ad   by   auccaaai'e   approx iaa cioaa   uaing   U   ■  8.3  ■■/«iaac. 
Vt _aUt     mmx     ra» 

» c =   1   -   e "•";   aolTad   by  aaeceaaiva   approai.atioaa 
■ax 

a(   U   *  1.3   mm/limtc 

' Saall-Scal«   Shot»   only. 

>(  (/  3  8.3   mm/fittc. 

ttm,   Traaaaiaaioa   at   around   3600   to   3700  X. 

Note that £ is very close to unity, which agrees with the measurements 

(about to be discussed) showing that argon flash-bomb radiation is black- 

body . 

A following section will show that many initiation delays are 

of the same magnitude as the relative intensity rise times.  Consequently 

any comparisons based on radiant energy flux must be corrected to take 

rise times into account.  To do this conveniently an effective relative 

light intensity / is defined as 

J Ut Jo (6) 

where T ia the observed initiation delay.  Plots of I   vs.   T   are given in 

figure 11 for white light, 4500 X ± 80 A, 4000 A ± 90 A, and apiiroximately 

3700 A ± 400 A light.  The deviations are half widths of the filters used 

with the photomultiplier.  Fortunately, moat of the observed T'S place i 

in the relatively flat regions of the I   vs.   r   curves. 
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(S) TRANSIT   TIMES 

Times   for  an   established   detonation   to   traverse   various   lead 

azide   and   lead   azide-PETN  assemblies   are   jiven   in Table   V.     The  previously 

determined1   average   transit   time   for   0.100   in  high  PVA   lead  azide   was 

0.80 Msec.      There   appears   to  be  no   correlation   between   azide  density 
scatter   and   transit   time   scatter. 

Table  V 

THANSIT TIMES  KÜH  0.18B   inch  I.O.   PVA LEAD AZIDE 

NO.  OF 
lEASWE- 

MEXTS 

UENSITY 
(»Ac) 

EXPLOSIVE HEIGHT 
(inch«.) Sl£EVE MATERIAL 

(0.S00 in.O.O.) 

TOTAL 
THANSIT Tlie 

OI/MC ) 

AZIIK 
UETONATION 

VELOCITY 
tmm/tlmec ) Atide KM Aiide PETO 

12 

2 

5 

3 

2.27      . 
(2.18-2.42) 

2.2 
(--) 

2.99 
(2.92-3.06) 

3.14 
(3.10-3.20 

1.34 
(1.33-1.36) 

1.57 
(1.57-1.59) 

0.101 
(0.100-0.103) 

0.200 
(--) 

0.044 
(0.43-0.45) 

0.0S7 
(0.055-0.058) 

0.0156 
(0.154-0.159)a 

0.144       . 
(0.143-0.146)b 

Nylon 

Steel 

Steel 

Nylon 

0.82 
(0.78-0.88) 

1.69 
(1.66-1.72) 

0.90 
(0.88-0.93)' 

0.99      . 
(0.99-1.00)* 

3.1 

3.0 

3.5' 

3.5'•'' 

Niwtxr«   is  paremhrici  gi<e   ran««   ot  ••rittian.     Preoding   nuaber   >•   the  wan  value. 
*   PtTN «aa  about   80 M- 

PETN «aa  aboul   2S0 ß, 

PETN aaa  aaauaed  to daloaate  at  a lalocity  depending   on packing denalty aa  givaa by Cook.4 

Aaauaing  0. 1 Maec  delay   ia  initiating  the "coaraa" PETN. 

(b)   INITIATION DEIAYS 

All the initiation delays measured during this invesLigut ion 

and the conditions of measurements are listed in Table VT.  As previously 

discussed,' suntanning of the azide appears to reduce initiation delay 

jitter.  Therefore, all assemblies were exposed to noon sunlight lor four 

roinutes—suntanned-on the day before the shot.  txposure was through the 

window on an assembly.  Kilters, if used, were placed over the windows 

after suntanning.  Whenever available (as it was for most shots) the ratio 

of the effective peak photomultiplier output, to the average of the 

three highest observed effective peak outputs is shown in Table VI.  Fac- 

tors influencing peak intensity are discussed in Sec. 4-g.  It is felt 

that the average of three highest observed intensities represents the 

energy flux of an argon flash-bomb under optimum  conditions.  The various 

factors influencing initiation delay will be considered separately later on. 
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Table   VI 

U;AI) AZIUK INITIATION DELAYS 

SHOT 
NO. AZIDE 

DENSITT 
(«/cc) 

CONFINE- 
MENT 

MIRRORBOX 
LENGTH 

(inchaa) 
FILTER 

LICHT 
BREAK- 
OUTt 

RELATIVE 
INTCNSin 

INITI- 
ATION 
DELAYS 
(^•ec) 

AVG 
DEMY 
(^■ac) 

REMARKS 

8580 PVA ~2.2 P/rex 8 none C _. 0.% 1.03 
T .- 1.10 
s -. 1.31? 
T .- 0.99 
C .- 1.16 
U 
S 

"- 0.98 
1.06 

C .- 0.97 
T ., 1.26 1.27 at 30° from vertical 
T -- 1.27 at 30"  from vertical 

1 C __ 1.00 1.00 at 22°  from vertical \ / \ / y V V V C -- 1.00 at 22°  from vertical 

8576° PVA ~2.2 Pyrex 8 none u __ 0.97 1.00 
T -- i.Oi 
s .- 0.95 
s -. 1.07 

\ / 1 1 1 1 ♦ ♦ ♦ c 
c __ 1.04 

0.96 

asai6 
PVA ~2.2 Pyrex B none T 0.846 1.08 1.05 

c 1.00 
St 1.02 
M 1.08 
c 0.93 
c 1.08 
u 1.16 
s 1.00 
a 1.06 
c 1.06 
T 1.12 

\ / 1 / i 1 \ 1 i 1 1 1 
s 
T ♦ 0.90 

1.07 

8584 PVA 2.20 t 0.05 Pyrex 8 none s 0.68 1.24 1.29 
M 1.37 
M 1.30 
M 1.27 
U 1.26 
T 1.32 
M 1.31 
C 1.23 
s 1.26 

\ 1 \ 1 \ f ( 1 i 1 1 1 
s 
s 1 1 

1.24 
1.31 

8590c PVA -2.2 Crowi 8 none s 0.855 1.16 1.18 
B 1.20 
D 1.38 1.43 no suntan;   I0oC 
H 1.44 no suntan;   lüT. 
S 1.51 no auntan;   10oC 
T 1.45 no auntan;   10"C 

no auntan;   140 C S 1.28 1.26 
S 1.19 no auntan;   140aC 
S 1.32 no auntan;   140oC 
s 1.12 1.14 no suntan;   220oC 

\ 1 i 1 i 1 ^ f \ 1 \ t s 
B \ f 

1.18 
1.12 

no auntan;  220°C 
no suntan;  220aC 

1 8ti79 PVA 2.40 t 0.05 Pyrex 8 none M 0.93 0.33 0.93 
Pyrex S 0.97 
Crow T 1.08 1.10 
Crown S 1.13 

\ 1 \ 1 V \ 1 \ 1 
M \ 1 

1.09 
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Table   VI   continued 

SH 
NC *        AZ1DE DENSITY 

(»Ac) 
CONFINE 

MENT 

MiiinonBox            Lion 
l£N(mi     KII.TKH BREAK 

(inchea)                      OUT* 

RELATIVE   '"'Ti'     AVC 
REMARKS ) Kfect 

868 0           PVA 2.40 ± 0,05 Fyrex 8 none U 0.81 1.10 1.08 c 0.99 
T 1.10 
S 1.12 

u V \l V v V 
s 
St If 1.06 

1.14 

868 1            PVA 2.40 t 0.05 Pyrex 8 none M 1^-0.81 7.05 6,88 Ulack llox 
Py rex C 6.74 
Pyrex T 6.88 
Pyrex T 6.82 
Crown S 8.47 8.53 V V Crown V V D V 8.60 V 

872( )           PVA 2.40 ± 0.05 Pyrex 8 none U 1.00 0.93 0,87 
Pyrex C 0.86 
Pyrex C 0.83 

V II \ i Crown C 
' 

1.00 0.95 10-inil  confinement 
y Crown V V C 0.90 lO-mil confinement 

8715 1           PVA 
P"A 

2.40 ± 0.05 
2.40 * 0.05 

IV rex 
1 

8 none 
1 

u 
c 

0.975 0.85 
0 89 

0.88 

PVA/PfcTN' 
2.40 ± 0.05 
3.14 t 0.08/ 

u 
c 

0.89 
1.09 0 99 

0.3Ü8 O.IX   »tecl   sleeve 

1.52 ± 0.02 
c 0.96 ! 

|| l c 0.92 V 
PVA^ETN- 3.05 t 0.10/ 

1.42 1 0.02 

c 
c 1.00 

0.84 0.87 

V V i 1 f I 1 i St 
St * 

0.88 
0.90 

8718 PVA 
PVA 
PVA . 

PVA/PKIN- 

PVA/PtTN" 

2.40 t 0.05 

3.05 t 0.10/ 
1.42 i 0.02 
3.05 t 0.10/ 

Pyr IX i I 1IU ne c 
c 
M 
c 
M 

1.ÜU 1.78 
2.00 
1.82 
1.88 

1.97 

1.86 

1.93 

Ulack Ik.« 

* 1.42 t 0.02 1 \ / \ / \ } 
8792 PVA 

PVA  . 
PVAVfcTN- 

2.40 1 0.05 
2.40 t 0.05 
3.05 1 0.10/ 
1.42 t 0.02 

Pyrex 8 

* 

none 

1 
St 
St 
St ' 

1.02 
1.05 
1.01 

1.04 

308- U.M.   steel sleeve 

8981 PVA 2.40 1 0.U5 Pyrex 8 none St 1.00 0.81 0.87 1 0.94 c 0.85 
St 0.85 1 J 1 1 1 ' i J 1 \ 1 
St 
St ' 

0.84 
0.90 

8982 PVA 2.40 i 0.05 Pyrex 4        1 none s 0.94      1 0.76 0.76 
C 0.70 c 0.77 

f __j t 1 
1 1 1 f | St 

S 1 0.69 
0.83 

8983 WA 2.40 t 0.05 Pyrex 2 none c 0.91 1.10 1.04 »lack llox 
C 1.04 
M 0.99 
U 1.04 
St 1.01 1 it 1 1 1 

1 \ \ ' 
c 

V 
1.09 
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ram   

Table   VI   continued 

SHOT 
NO. A/IDE DENSm 

(«Ac) 
CONFINE- 

MENT 

MIRRORBC» 
LENGTH 

(inch..) 
FILTEP 

LIGHT 
BREAK- 

OUT' 

RELATIVE 
INTENSITY 

INITI-   „_ 
Anotfc **»„ 

REMARKS 

9022 PVA 2.40 t 0.05 Pyrex 8 none .. .. 0.99' 0.%? 
PVA 2.40 t 0.05 ._ .. 0.94' 
PVA   . 2.40 i 0.05 0.96' 

PVA/PfBT 3.03 ± 0.15/ 
1.34 1 0.06 

St -- 0.87 0.86 

PVA/WriN- 3.03 ± 0.15/ T 0.88 

PVA/reil/ 
1.34 ± 0.06 
3.03 ± 0.15/ C _. 0.84 1 
1.34 ± 0.06 V r V 

9044 PVA 2.40 ± 0.05 Pyrex 4 none at ._ 0.64 0.67 
Pyrex St .- 0.71 
Pyrex St .. 0.67 
Crown St __ 0.75 0.79 
(xown M .. 0.82 
Crown u .- 0.80 
Ixown s -- 0.75 0.77 lO-mil  confineoent }/ \ ̂ \ ]/ Crown | \ 1/ St -" 0.78 lO-mil  confinement 

9042 

V 

PVA 

1 I 

2.40 t 0.05 

V 

Pyrex 
Crown 
Cxuwn 
Crow 

8 

f 

none 

i 
s 
s 
C 
C 

0.97 
0.97 
0.97 
0.97 

0.90 
1.10 
1.03 
1.01 

1.05 

9043 PVA 2.40 t 0.05 Crown 8 none M _. 0.95 0.99 
PVA   . 2.40 ± 0.05 Crown C 1.02 

pvA/W-nW 3.05 t 0.1/ IVrex St ._ 0.94 0.91 
1.42 t 0.02 

St ._ 0.91 
St .- 0.88 
s -- 0.94 0.95 at 21.5" from vertical 
St -- 0.96 0.95 at 21.5° fron vertical 

1 / \ i 1 1 
St -- 0.88 0.91 at 26.5° froa vertical 

*           I St -- 0.94 at 26.5" froa vertical 
1 PVA 2.40 t 0.05 (xown 1 i 

St ._ 1.05 1.09 at 18.7" Iron vertical 
PVA 2.40 1 0.05 Cxown / B — 1.14 at 18.7° from vertical 

a 21 PVA 
PVA 

2.30 t 0.02 
2.30 ± 0.02 

Py rex 8 
I 

none 
1 

s 
s - 0.67 

0 78 
0.73 U.V.   reflecting mirror 

PVA 2.30 1 0.02 s .. 0.74 
Cblloidul 2.53 t 0.02 c __ 0.77 0.81 
(Jalloidal 2.53 t 0.02 I s 0 86 f (blloidul 2.53 1 0.02 y 1 1 J i c -- 0.B1 y 

a !22 PVA 
PVA 

2.30 t 0.05 
2.30 ± 0.05 

Py rex 4 
i 

none u 
s -- 0.61 

0.61 
0.61 U.V.   reflecting mirror 

PVA 2.30 i 0.05 s 0 58 
PVA 2.30 t 0.05 s 0 65 

Calluidal 2.51 t 0.03 u 0.63 0 66 (blloidal 2.51  t 0.03 St 0 71 
\ ( Colloidal 2.51 t 0.03 i » ' 1 \ i c -- 0.65 f 

9 52 im 
PVA 

2.40 1 0.05 
2.40 t 0.05 

IV rex 
Pyrex 

4 none s 
c -- 0.76 

0 71 
0.74 U.V.   reflecting mirror 

i 
Colloidal 2.63 i 0.02 Pyrex c __ 0.78 0.83 
Colloidal 2.63 i 0.02 Pyrex St 0 86 
Colloidal 2.63 1 0.02 Pyrex St 0.85 
PVA (pale) 2.40 t 0.05 Crown u 1 11 1 15 PVA (pale) 2.40 ± 0.05 Crown u 1  19 

i I PVA (pale) 2.40 1 0.05 Pyrex 
1 

: 
' u *~ 0.89 f 
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Table   VI   continued 

SHOT 
NO. AZIDE 

DENSITY 
(f/cc) 

CONFINE- 
MENT« 

MIRROHK» 
LENGTH 

(inchei) 
FILTER 

LIGHT 
BREAK: 

OUT' 

RELATIVE 
INTCNsm 

INITI- 
ATION 
DELAY-5 

AVG 
DEUY REMARKS 

92 53 

I 

PVA 

I ! 
PVVFonnvnr 
85/15 
PVA/Formvar 
85/15 

PVA 
PVA 

2.40 ± 0.05 

2.25 t 0.01 

2.25 i 0.01 

2.26 t 0.02 
2.26 ± 0.02 

Pyrex 

If 
Crown 
Crown 

4 

V 

none S 
1 
c 
s 
c 
c 
B 
M 
B 

St 

S 
c 

- 

1.88 
1.92 

1.84 
1.84 
1.83 
1.76 
1.89 
1.92 
1.70 

1.77 

2.08 
2.42 

1.86 

1.74 

2.24 

U.V.   leflecting mirror 
2 x 2" at. (imp B end. 
4 X 4' at azide end 

8679 PVA 2.40 t 0.05 (Juarli 8 none s 
St 

0.93 0.64 
0.62 

0.63 

8680 PVA 2.40 t 0.05 Quartz 8 none s 
s 

0.81 0.76 
0.77 

0.77 

8681 PVA 2.40 ± 0.05 Quartz 8 none s 
c 

~0.81 1.87 
1.88 

1.88 Black Box 

9221 PVA 2.16 t 0.01 Quartz 8 none s 
s — 0.45 

0.48 
0.465 U.V.   reflecting oiirror 

9222 PVA 2.19 t 0.02 Quartz 4 none s 
s -- 0.36 

0.39 
0.38 U.V.   reflecting nirror 

8718 PVA 2.44 ± 0.01 7-54 4 none T 
c 

1.00 1.36 
1.42 

1.39 Black Itox 

8983 PVA 2.42 t 0.05 7-54 2 none sr 
u 

0.91 0.76 
1.01 

— Black Bux 
Black Bux,  acralch on 
7-54 

8580 PVA ~2.2 Pyrex 8 0.3N.U c - 3.60 

8576 PVA ~2.2 Pyrex 8 o.an.u T -- 3.38 

8679 PVA 2.40 i 0.05 Pyrex 8 0.3N.D B 
s 

0.93 2.31 
2.99 

8680 PVA 2.40 t 0.05 Pyrex 8 0.3N.1) c 0.81 2.80 

8720 PVA 2.40 i 0.05 Pyrex 8 O.SN.D s 
c 

1.00 2.52 
2.63 

9044 PVA 2.40 1 0.05 Pyrex 4 0.3N.Ü M - 1.70 

8679 PVA 2.40 t 0.05 Pyrex 8 0.2N.I) c 
s 

0.93 1.80 
2.01 

1.90 

8718 PVA 2.40 l 0.05 Pyrex 4 0.2N.U T 
M 

1.00 3.92 
4.47 

4.19 Black B» 

8983 PVA 2.40 t 0.05 Pyrex 2 O.aM.I) C 
B 

0.91 1.95 
1.64 

1.80 Black Box 

8982 PVA 2.40 t 0.05 Pyrex 4 0.2N.I) M 
C 

0.94 1.44 
1.43 

1.44 
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Table   VI   coneluded 

SHOT 
NO. AZIUE DENSIT» 

(g/ec) 
CONFINE- 

MENr 

MIHRORUOX 
LENGTO 

(inches) 
FILTER 

LIGHT 
BREAK- 

OUT ' 

RELATIVE 
INTENSITY 

li 

INITI- 
ATION 
DELAYS 
(M»e<:) 

AVG 
DELAY REMARKS 

8681 PVA 2.40 t 0.05 Pyrex 8 0.1N.1I. M c 
~0.81 10.03 

10.10 
10.07 UUck Ibx 

8718 PVA 2.40 t 0.05 Pyrex 4 0.1N.II. u 1.77 2.94 - lUuck Box 

8983 PVA 2.40 1 0.05 Pyrex 2 0. IN. Q u 0.91 1.59 
1.63 

1.61 lUack Oax 

8982 PVA 2.40 1 0.05 Pyrex 4 Ü.1N.U. c 
II 

0.94 1.01 
1.06 

1.04 

9044 PVA 2.40 t 0.05 Pyrex 4 0.1N.Ü. St 
u 

-- 0.91 
0.94 

0.93 

9221 PVA 2.26 ± 0.02 Pyrex 8 0.1N.L). 
s -- 1.0.? 

1.07 
1.05 U.V.   reflecting mirror 

9222 PVA 2.31 Pyrex 4 Ü.1N.1J c -- 0.85 - U.V.   reflecting mirror 

8679 PVA 2.40 ± 0.05 Pyrex 8 LA T 
c 

0.93 3.03 
3.07 

3.05 

8680 PVA 2.40 ± 0.05 Pyrex 8 1A St 
c: 

0.80 3.22 
3.17 

3.20 

8S84 PVA 2.20 t 0.05 Pyrex 8 0-52 c 0.68 1.79 - 
8680 PVA 2.40 t 0.05 Pyrex 8 0-52 t 0.81 1.59 

8983 PVA 2.40 t 0.05 Pyrex 2 0-52 M 0.91 1.49 Black lb* 

8982 PVA 2.40 t 0.05 Pyrex 4 0-52 St 
c 

0.94 1.19 
1.31 

1.25 

8680 PVA 2.40 1 0.05 Pyrex 8 7-54 ■ 0.80 2.19 -- 
8681 PVA 2.40 ± 0.05 Pyrex B 7-54 T 

1 
~0.81 10.00 

12.63 
-- Black Bax 

Azid*   pressed  agsinst  confining ■aterisl 

'Observed   1 ight M signals ** «ere   as  sketched 

c   i' S'    1 
s     < 
U   \     or    ^ 
T      / 
B    ^ M    I r 

I   peak   | , /   rel   dt 
i  1  

Total  obaarved delay aiaua  tranait  tiaa   (krouab 
pellet 

l/3;ail   aluaimted  Mylar   in  contact  mth  Coap  B 

2-ail  aluaioited Mylar  in  contact  «ith Coap B 

'  PEIN  la  around  2S0 fi 

I'KIN   is   e round  80 ,1 
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(7)  NORMALIZATION OF INITIATION DELAYS 

A quick perusal of Table VI reveals that the Jitter of initia- 

tion delays in any given shot is usually small.  Variation in initiation 

delays from shot to shot can, however, be quite large.  To treat all the 

data, some normalization scheme is obviously required.  if f_. , is the 

average of the three highest observed relative intensities and I     is the 

peak intensity in any other shot, then the adopted normalization factor 

N  (a theoretical Justification will be presented later) is (/„//„, ) x 

(.In/Im     ) where / was defined in Eq. (6).  Normalized delays (T j  x N) 

for various window-fi1ter combinations are shown in Table VII.  It is 

obvious that the window-fi1ter combination strongly influences initiation 

delay.  A discussion of this effect will take up most of the next section. 

Table VII 

NOHMAl.iZtU INITIATION DELAYS OF PVA LEAD AZIDE 

WINDOW* FILTER SHOTS OBSERVATIONS 
MIRROR 

BOX LENGTH 
(inekea) 

AVERAGE 
T 

(/I«*G) 

RANGE 
(M**c) REMARKS 

Pyrex none 9 45 8 0.88 0.79-0.98 Max. and rain T occurred in 
sane shot 

Crown none 3 8 8 1.02 0.98-1.07 Max. and min. T occurred in 
same shot 

Crown 
(10 mil) 

none 1 2 8 0.95 0.90-1.00 

Quarti none 2 4 8 0.60 0.58-0.62 

Pyrex 0.3 NU. 3 5 8 2.46 2.15-2.78 Max and min. rin aame shot 

Pyrex 0.2 N.D. 1 2 1.77 1.67-1.87 

Pyrex 0.2 N.D. 3 6 8 1.73 1.59-1.87 Includes 2 previous shots 

Pyrex IA 3 5 8 2.74 2.54-2.92 

Pyrex 0-52 7 8 8 1.35 1.22-1.41 Includes 5 previous shots 

Pyrex 7-54 7 7 8 1.73 1.71-1.76 Includes 6 previous shots 

Pyrex none 2 10 0.70 0.64-0 81 

Crown none 1 3 0.79 0.75-0,82 

Pyrex 0.2 N.D. 1 2 1.35 1. 34-1. 36 

Pyrex 1.0 N.D. 2 4 0.95 0.91-0.98 

Pyrex 0-52 1 2 I. II 1. 12-1.23 

In conttct »ith the aiide. 
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(ö)   NATURE OK RADIATION OF SHOCKED ABGON 

To   underslaiid   the   re 1 u L i onslii p   between   absorbed   energy   and 

initiation   delay   (window/filter   effect   of  Tables   VI   and   VII)   requires 

the  knowledge   of   the   radiation   distribution   and   temperature   of  shocked 

argon.      Using   the  photomultiplier-interference   filter   system described 

in   Sees.    2,   b(9)   and  2,    b(10)   and  tlq.    (2)   it   was   found   {Table  VIII)   that 

the  directly   viewed   argon   radiation   (small   scale   shots)   is   blackbody  or 

at   least   graybody.      In   the   streak-camera   shots   the   argon   radiation  was 

reflected   from   the   upper   surface   of   the   streak   camera   slit  holder   to   the 

photomultiplier.      As   shown   in   figure   12   the   reflectivity   of   the   slit 

holder   varies   with   wavelength.      If  rtjjj,    to  distinguish   it   from R^,    (the 

aiide   reflectivity)   is   the   diffuse   reflectivity   of   the  slit   holder,    then 

the   integrands   of  Kq.    (2)   have   to   be   changed   to NKAxli£.      With   this   change, 

calculations   based   on   photomu1tiplier   observations   of   streak-camera   shots 

also   show   that   the   argon   radiation   is   blackbody   (Table   VIII). 

(9)       TEMPERATURE   OF    SHOCKED   ARGON 

As  discussed   in  Sec.    2,   b(10),   Eq.    (2)   cannot  give  I" ,    the 

temperature  of  shocked   argon.      To   get   Ta   it   is  necessary to make comparisons 

Table  VIII 

ULACKUODV  UISTHIUUTION OK A COMP B SHOCK   IN AHGON 

FILTERS OBS.   OUTPUT 
VOLTS 

OUTPUT 
RATIO «4 ***** 

RATIO* 

600 ♦ No.   8  + 2.35 N.D. a 0.168,   0.163 0.197 0.1B6 
500 ♦ 1  A ♦ 2.35 N.D." 0.81,     0.85 1.000 1.000 
450 +  1 A + 2.35 N.l). ° 0.81,     0.78 0.957 0.995 
400 ♦ 1 A ♦ 2.35 N.D." 0.40 0.481 0.510 
0.1 N.Ü.6 

13.8  (13.6-14.l)c 1.000 1.000 
450 + 1 A6 

6.65 (6.2-6.7)c 0.481 0.482 
400 ♦  1 A* 3.8  (3.7-3.9)c 0.282 0.276 

Sea   equation   2   and   Sac 

For   Ta » 28000uKi   tha 
r    for  22000'K  >  r    < a a 
kaldar,   ia  included only  in   the  atraak  caaera  ahota 

*   Snail-Scale   Shot 

Streak  Caaare   Shota 

Ratioa   of   ahota   to  Xe 

tion   2,   c(8). 

integral   retio   ia   very  nearly   independent   of 

40000oK,   «jj,    the   reflacti.ity   of   the   «lit 

'Fleehar" 



Figure 12    DIFFUSE REFLECTIVITY OF STREAK CAMERA 
SLIT HOLDER 
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willi a sLamlurd temperature source.  Because the photomultiplier output 

ratios are proportional to the radiance ratios, and these are 

it is necessary to know 7" very accurately If W.   >> 7" 's it is in these 

measurements.  Three different optical pyruiueLers, read by three different 

operators, gave an average 7" of 23770K and niuxinium spread of 2370-2380oK. 

In this temperature range K>|. (2) can be used, i.e., the integral ratio 

is quitt- sensitive to 7'', and leads to 7" - 2380oK.  The excellency of 

agreement between photomultip 1 ier and pyrometer ineasurements is a strong 

argument for the essential correctness ot the photomul tipl ier response 

curve obtained in this laboratory. 

Using 7" ■ 23ö0oK and the meusured output ratios in b! j. (3) 

gives the Ta   values shown in Table IX.   The temperature based on the 
o 

6000 A interference filter is probably the least accurate because l\ , 

the photomultiplier response, changes rapidly in this region and there 

could be some error in calculating it by hq. (1).  It seems likely that 

29,000 -t 1000oK is a reliable estimate of Ta       Model7 gives Tt   of 30,000oK 

and claims blackbody distribution, hut does not specify the explosive used 

to generate the shock.  lie does give a fantastically high shock velocity 

of 18 nm/fJ-sec.      Comparison of T    with the theoretical calculations of 

Bond  are made in Appendix B. 

Som«* miscellaneous temperature ineasurements based on T     ■ 

J'J.ÜÜOh are given in Table IX(a). 

(10)  DIAHETEH KFFECT 

Figure 13 shows that initiation delay is independent of azide 

column diameter until diameters become smaller than 0.10 inch.  Thus 

azide diameter is unimportant for most of the measurement made in this 

study.  It has been observed8 that a lead-covered lead azide detonating 

fuse propagates stably at the very low velocity of 0.3 mm/^sec in diam- 

eters below 0.02 inch and for loading densities of around 4.3 g/cc.  It 

is believed that at least a portion of the azide in diameters below 

0.10 inch propagates at a low velocity (not necessarily the very low 
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Table IX 

MKASUHKU TEMPEHATUHE OK OOMP I) SHOCK IN AHGON 
(8.3 mm/zusec) 

FILTERS 5 
^2       » 

OBSERVED OUTPUT 
ARGON/SID A2 

600 + No. 8 + 2.35 N.U. 
500 + 1 A ♦ 2.35 N.U. 
450 ♦ 1 A ♦ 2.35 N.U. 
400 ♦ I A + 2.35 N.U. 

• 

31,500 

30,000 
29,000 
29,000 

286 
922 

1,910 
2.860 

288 
926 

1,940 
2,870 

To   the   nearest   S00°K 

* £rt,2."uti*ir "*for u"*"4 Tu,,••t"Ribb"- '•' ■ »eo-K 

Table  IX(.) 

MISCELLANEOUS TEMPEKATTJHE MEASUHEMENTS OF COUP B SHOCKS IN ARGON 
(.11   with   B& L   450   interference   filter) 

GAS 

Argon 

Argon 

Argon 

Krypton 

Argon 

Argon 

Argon 

CCMIP  B COVER ADDITIONAL      I OUTPUT 
FILTERS |   RATIO 

1-mil   alum. 
Mylar 

5-mil 
atainleaa at. 

none 

none 

1-mil  alum. 
Mylar 

.-4-mi 1   alum.      I2.3 N.U. 

2.3 N.U.   ♦  1 A 

2.3 N.U.   ♦  1 A 

2.3 N.U.   ♦  1 A 

2.3 N.U.   ♦  1 A 

2.3 N.D. 

2.3 N.U. 

1.00 

0.920 

0.635 

1.54 

1.00 

~1.1 

-1.0 

• •«   T.bl,   IV   f„r   «■i„i,iti,,. 

1.00 

0.93 

0.643 

1.54 

1.00 

1.11 

1.00 

T 
(0K) 

29,000 

27,500 

23,500 

38,000 

29,000 

•^0, 500 

Hs.OOO 
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velocity observed in Hef. 8).  Light output from 3.5 g/cc lead azide in 

0.091-inch-I. D. is very i'aint and the luminosity is recorded as from 

burning rather than from detonation.1 The lower density and much lower 

confinement of the azide pellets (on a weight basis the lead covered 

detonating fuse has 5 to 10 times the confinement of the nylon sleeve 

azide assemblies) would be expected to exhibit a diameter effect at 

larger diameters than found for detonating fuse. 

.1                                    1                     i I 
2 b 
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t i — ~ 

1 1 — 

1 4 — 
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FiBure 13    EFFECT OF AZIDE COLUMN DIAMETER ON INITIATION DELAY 



3.      DISCUSSION 

a.     FACTORS  INFLUENCING  INITIATION DELAY  JITTEB 

(1)   INCIDENT ENERGY 

The energy flux as well as spectral renion of the incident 

radiation is conveniently varied by placing filters between the argon 

shock and the azide window or by varying the window.  As shown in 

Table VII the jitter about the average initiation delay stays roughly 

constant at about 10 percent for most of the window-fi1ter combination« 

tried.  Obviously this indicates the desirability of having short initi- 

ation delays to keep the absolute jitter small.  The two materials which 

appear to have noticeably reduced jitter are quartz and Pyrex with a 

7-54 filter.  For the latter system no radiation above 4000 X gets to the 

azide and for the former most of the radiation reaching the azide (-90%) 

is below 4000 A.  Six other results (Table VI)indicate  that jitter is 

indeed small for the quartz system.  For the Pyrex and 7-54 system in 

black boxes jitter is large.  It is also faxrly large for 7-54 windows 

(no glass).  Thus reduction of jitter by filtering out longer wavelength 

radiation is uncertain.  Use of quartz windows, however, does appear to 

reduce both absolute and percent jitter.  This was not the case in pre- 

vious1 work (using quartz of poorer optical quality) where jitters for 

the quartz and glass windows were quite comparable. 

(2)   FRONT-SURFACE CONFINEMENT AND PARTICLE SIZE 

Figure 14 shows that raising a Pyrex window by as little as 

1 mil above the azide surface facing the flash-bomb, greatly increases 

the initiation delay.  Further raising of the window has relatively 

little effect.  Thus, the region between 1-mil separation and intimate 

ontact of azide and window is a region of great variation in initiation 

delay.  It seems likely, therefore, that much of the jitter for the 

specimens with windows supposedly in contact with the azide could be 

caused by variations in the intimacy of contact.  In the last shot of 

this investigation, it was noticed that in four assemblies some azide 

somehow got in between the top of the sleeve and the window (shot 9253. 

Table VI).  For these four assemblies the average initiation delay was 

c 
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•        4" bOX (SPECIAL    MIHRUHI 

O        H" UOK 

[) NUMIltH  Ut-    UUbl HVAMUN . 

TR      utlAV   Fun  WINDOW   NAIStO 
fibuvt   A/JUt   SUHFACE 

r^       UtLAt FOR   WINDOW  IN  CONTACI 
WITH A/IDb SURFACE 

6 8 10 12 14 

DISTANCE   OF  GLASS   ABOVE   AZIOE   SURFACE- 

O(l) 

22 

Figure 14 EFFECT OF INTIMACY OF FRONT-SURFACE CONFINEMENT ON 

INITIATION DELAY OF PVA LEAD AZIDE 

1.90 (1.88 - 1.92) /xsec.  For four comparable normal assemblies in the 

same shot the average initiation delay was 1.82 (1.76 - 1.84) ßaec. 

Previous work1 indicated that azide assemblies to which windows 

were attached after loading had, on an average, 0.15 to 0.20 /xsec longer 

initiation delays than normally loaded assemblies. 

The greatly increased jitter found in the larger particle size 

azide (Fig. 15) is very likely caused by reduced intimacy of contact be- 

tween azide and window. 

(3)  EFFECT OF AZIDE PURITY AND PACKING DENSITY 

Tables X and XI show that neither initiation delay nor delay 

jitter are affected by azide purity or packing density.  The small in- 

crease in jitter at 3.3 g/cc is probably a manifestation of the diameter 

effect previously discussed.  The small increase in initiation delay in 
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2 3 4 5        6 7 8 

APPROXIMATE PARTICLE   SIZE — /I 

Figure 15    EFFECT OF AZIDE PARTICLE SIZE ON ITS INITIATION DELAY 

Table   X 

EFFECT OK U;AlJ AZIUt PURITY ON  INITIATION DtLAY 

AZIDE OBSEHVATt'JMS 
REIATIVE 

INITIATION 
DEI AY 

RANGE 

l>VA 18 1.00 0.91-1.11 

(«llulJal" 9 l.ll» 1.03-1.15 

90/IU 
PVA/Formvar 

6 0.95 0.89-1.00 

85/15 
FVA/Kormvur 

5 0.99 0.91-1.06 

Very   higli   purity 

Sat   Fi(.   IS 

Table   XI 

EFFECT OF PACKING DKNSITY ON PVA LEAD AZIDE 
I ii i li at i on Del ay 

A 7.1 UK 
DIAMETEH 

(■ill) 

PACKING 
DENSITY 
(g/cc) 

OBSER- 
VATIONS 

RELATIVE 
INITIATION 

DELAY 
HANtlE 

188 2.2-2.4 10 1.00 0.901. OH 

188 2.5-2.6 9 l.U' 1.03-1.1H 

188 ,1.0-3.2 9 :.03 0.97-1.08 

:!75 1.0 8 O.'J? 0.92-1.04 

109 3.3 5 1.12» 1.01-1.21 

See Vig.    IS 

See Fif. 11 
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colloidal azide, if real, might be caused by slightly different 01^ and/or 

flv (not measured) from those found for PVA lead azide. 

(4)   INHERENT VARIABILITY OF AZIDE ASSEMBLIES 

As shown in Table V there is appreciable variation in azide 

packing density and rather less variation in azide column height.  Both 

these factors should influence transit times although no correlation be- 

tween them and measured transit times has been found.  Of course, any 

variation in transit time shows up as delay jitter.  It is not known 

what portion of the appreciable variation in trnsit time is caused by 

measurement error and what portion is due to inherent variability of the 

separately loaded lead azide assemblies.  The lack of correlation with 

packing density makes one suspect either random errors in packing-density 

measurements, or transit-time measurements, or both.  Kven if all the 

variability in the transit times of Table V were attributed to inherent 

variability of the azide assemblies, this would account for only about /3 

of the observed initiation delay jitter. 

(5)  SUMMARY 

It is believed that most of the observed jitter in the initi- 

ation delay of any given shot is caused by variations in the intimacy of 

contact between the azidtr and the window.  A maximum of /3 o I the observed 

Jitter may be attributable to inherent variations in individually loaded 

lead azide assemblies. 

6.  DEPENDENCE OF INITIATION OELAY ON KNERGV ABSORPTION 

(1)  MODEL OF THE INITIATION PROCESS 

For a better understanding of what is to follow, a qualitative 

picture of an argon flash-bomb initiation of lead azide will now be sug- 

gested.  The quantitative consequences of this hypothetical model will 

be examined in the following sections: 

(a) Assume that the argon radiation absorbed by the 
azide appears primarily as iieat and is used to 
raise the temperature of the azide. 

(b) Assume that there is no heat loss. 
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(c) Assume that for most of the observed initiation 

delay there is no thermal decomposition of the 
azide and consequently no self-heating of the 

azide. 

(d) Assume that self-heating, i.e., thermal decom- 

position, after it starts, leads to thermal 

explosion and detonation in very short time. 

A sketch of the expected temperature time profile in figure 16 may help 

clarify the above assumptions.  Here T" is the observed initiation delay 

T  is the time to reach T    above which self-heating takes over, 0 and c 

are heat of reaction and specific heat of lead azide, H   is   a  constant 

characteristic of the system used, and / is the fraction of azide de- 

composed in time, T. 

Since the argon radiation is blackbody [Sec. 2c(8)], as a con- 

sequence of assumptions (a), (b), and (c), dT/dt ■ const, for most of t. 

Because T is of the order of 1 to 6 /xsec, and 7' will be shown to be of 

the order of 900oK, assumption (b) appears to be sound, i.e., there is 

lI.Bf 0 11 

TIME 

Figure 16    SKETCH OF THE POSTULATED 
TEMPERATURE-TIME PROFILE 
FOR THE INITIATION OF L.EAD 
AZIDE BY RADIATION FROM A 
FLASH-BOMB 
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insufficient time for l.eat loss by conduction and T     is too low for 

radiation to be important (Appendix C in Hef. 1).  Since chemical re- 

action rate is controlled by the term exp-^«7". where E   is the activation 

energy of the rate controlling process and fl is the gas constant, the 

abrupt change from no reaction to very rapid reaction seems reasonable, 

provided E  is fairly large. 

If the proposed model is correct, then initiation occur» very 

shortly after the azide temperature reaches f,, regardless of the window- 

filter system used.  Thus it is to be expected that 

7'c  ■  constant  « HTe   + 7j ~ BT + 7" 

since Te    was assumed to be very close to r.  That B'T'   + T' = ßV. + 

To' - constant can be tested experimentally by measuring initiation delays 

for different window-fiUer combination« placed between the azide and the 

flash bomb and also varying the ambient temperature.  Before doing this 

a procedure for computing B  must be established. 

(2)  CALCULATION OF B„ 

If /„ is the energy flux for a wavelength increment dK   incident 

on an aiide increment of thickness dx   and « is the reflectivity of the 

azide for the interval dK.   then the energy absorbed by dx,   per unit time 
per unit area, is: 

f.b.  '  V " fl)«^* (7) 

-here a .„d p  are the azide absorption coefficient and density.  The he.t 

capacity of the azide increment is pc^Jx.      Consequently the temperature 

rise of the azide surface, assuming that the absorbed energy appear« 

entirely a« heat, is /„(I - W)a/c,.  For a blackbody radiator, assuming 

no rad.ation loss due to geometric divergence of the radiation beam  the 

maximum rate of temperature rise of the irradiated azide surface is 

**     •    r\        Wxd-W*  ■ ~\2 Wl-"K)^äK     (8) 
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where M» is the transmission of the window-filter system at wavelength K, 

Wv ■ TTTVV is the spectral radiance  of the argon at \ and Ta ,   and the 

limits of integration, \, and ki,   are determined by the particular 

window-filter combination used. 

Using blackbody tables,5 a constant c^given in Reference 16, and 

measured «v and R\,   Eq.   (8) was evaluated numerically for Ta   «29000
oK 

for various combinations of window-fi1ters.  The results are shown in 

column 5 of Table XIV.  The numerical computation was also programmed to 

provide the fraction of B.   contained in selected wavelength intervals for 

various window-filter combinations.  These are given in Table XII. 

Table XII 

FRACTION OF ABSORBED ENERGY IN SELECTED 
WAVELENGTH REGIONS 
(4 Minute Suntan) 

tINOOt FILTER 
WAVELENGTH REGION 

Bel».  3300  I 3 300-4000 % 4000-T0C0 % 

Pyrex none 0.217 0.503 0.280 
Pyrex 0.1 N.D. 0.165 0.507 0.328 
Pyrex 0.2 N.D. 0.145 0.504 0.351 
Pyrex 0.3 N.D. 0.134 0.497 0.369 
Pyrex 0-52 0 0.497 0.503 
Pyrex 7-54 0.326 0.662 0.012 
Crown none 0.0B6 0.576 0.338 
Crown' none 0.136 0.803 0.061 
ljuart I none 0.782 0.143 0.075 

*"P.1." 

(3)        CALCULATION   OF    RADIANT    ENERGY   LOSS 

Unless   the   argon   container   walls   are   perfect   reflectors   at   all 

wavelengths,   not   all   the   flash-bomb   radiant   energy   will   reach   the   window 

filter   combination   over   the   azide.*     The   case   for   perfectly   nonreflecting 

walls   (black  boxes)   will   be   examined   first.      Since   the   flash   bomb   is   a 

perfectly   diffuse   radiator   (blackbody),   standard   geometric   optics     gives 

la  Rafaranca   1,    it   ■••   incorrectly   ••■used   that   all   I ha  radiant   energy  of   the   (liah  hoab 
raachaa   the   aiida   window-li1 tar. 
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the fraction of energy, F,    arriving from a flash bomb of equivalent radius, 

R,    at   a surface of radius i a distance L   from the flash bomb: 

H* 

R*  + L- 
(9) 

If A, as shown in the sketch, is 

chosen to give the same area as the area of 

the square boxes used in this study, it can 

be shown that the error in using R   rather 

than the actual box cross-sectional dimen- 

sion is very small.  Using R  greatly sim- 

plifies the derivations about to be pre- 

sented.  Now Eq. (9) is for an energy 

source a fixed distance away.  In actuality, 

the energy source advances toward the azide 

at a constant velocity, U,   so that the dis- 

tance between source and azide is continuously decreasing. 

Accordingly an average F   is 

t~r*t 
o J_ ( R2Jt 

7 I /fJ + a - ut 

which integrates t 

F    .     " 
UT 

tan •— - tan i (L - gV 
\  fl  / 

(10) 

Plots of F vs.   T   are given in figure 17. 

For square cross-section mirror walls, geometric optics gives 

the radii of equivalent circles required to have the light reach the 

azide surface in 1, 2, and n reflection«, as 3ft, 5ft and (I + 2n)ft.  The 

maximum F  obtainable for the nth reflection is given in figure 18 for 

L • 8 inches or 4 inches.  Of course the total fraction, f, illuminating 

the azide directly and by reflection from the mirror walls is 
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Figure 17    FRACTION OF RADIATED ENERGY REACHING 4-INCH ■ 4.INCH SURFACE FROM A 
RADIATOR STEADILY ADVANCING TOWARDS THE SURFACE (No reflections) 
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Figure 18    FRACTION OF ENERGY REACHING A 4-INCH * 4-INCH SURFACE FROM A 
RADIATOR STEADILY ADVANCING TOWARDS THE SURFACE (With reflections) 

42 



F  + rArÄ1 '& '& (11) 

As shown in figure 3, the mirror reflectivity, r.  changes with 

K.      Consequently it is necessary to define an average r, for selected 

wavelength intervals (the ones given in Table XII) as 

(\2 - K^   [    N^dK 
(12) 

where N^dk   is obtained from blackbody tables.  Average r<, ' s are listed 

in Table XIII. 

(4) CALCULATION OF 8 FOR 

BLACK BOXES 

Table   XIII 

AVERAGE MIHHOH HEKLECTIVITIES* 

FOH NOHMAL  INCIUENCE 

lAVELENGTH 
INTERVAL 

\                  1 
749 SPECIAL 

Abo>e 4000 % 0.880 0.88S 

3300-4000 \ 0.86S 0.87S 

3300-2900 % 0.780 0.83S 

3300-2000 % ~0.30 0.S3 

As   already   discussed   the   rela- 

tive  light   intensity  of  an   argon   flash 

bomb  has  a   rise   time   which   is  of   the 

same order   as   the   shortest  observed 

initiation   delays.      An  effective   rela- 

tive   light   intensity  was   therefore  de- 

fined   and  plotted   as   a   function   of r   in 
figure   11.     This  effective   intensity fnm m—mnmmm* «uppiitd bjr 

' ••ou(«clyrer. ■■• F>|. 1 

varies somewhat with X.  However the effective intensity obtained from 

photomultiplier records with neutral density filters appears to be a 

good average for the entire region (3000-6000 X)   to which most of the 

initiation experiments were restricted.  If / is the average effective 

intensity for white light (Fig. 11) then the rate of azide temperature 

rise B,   is 

ß ßo^ (13) 

(5)  CONSTANCY OF ST FOR BLACK BOXES 

A plot of measured T vs.   l/B,   as calculated from Kq. (13), is 

shown in figure 19.  The straight line shown is for a least square fit 

forced through the origin.  The slope is 616 ± 48*K (the standard 
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ICr/B /xi*c/*K 

Figure 19 CONSTANCY OF B; FOR NONREFLECTING ARGON CONTAINERS 

deviation).  The constancy of BT   provides a justification for the pro- 

cedure adopted in normalizing initiation delays (Table VII). 

(6)  COMPUTATION OF T. FOR    MIRROR BOXES 

Because the computation of FT    [Eq. (11)] for mirror boxes is 

cumbersome, andmight contain sizeable uncertainties due to the approximate 

procedure for obtaining the average 7A
,s, a different approach was used   If 

BT is constant for mirror boxes, as it appears to be for black boxes, then 

m/B0Ir (U) 

where   «is the   slopeof figure   19   and   T is the   observed   delay of a   particula. 

window-filter system (Table   VI).    FT   for   selected   window-fi 1 ter   combinaUons 

and   several   types of mirror   boxes was also   calculated by Kq.    (II).     As shown in 

Table   XIV  agreement   between the two   methods is generally   quite   good.      Because 

of   large   extrapolationa in obtaining   the  7A   to be used   in the quartz   window 

system   and some uncertainty   initsß,,    close   agreement   between the    two   F,. ' s 

is not to be expected.     The discrepancy for the Pyrex window with 7-54 filter remains 

unexplained.    Br'a based on the mean values of the two f/s are satisfactorily constant. 
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Table  XIV 

"CIUTICAL- TEMPEHATUHE RISE FOR PVA LEAD AZIÜE 

fl»            LIGHT PATH 
| MIBROH REFLECTION -« WINDOW FILTKH 

C.lc. ♦ 
(XJ 

AT» 
(M«e<:) (0K/M.ec) INCHES Apparent 

(0K» 

IVrex none 0.(13 0.315 1,300 a 66.5 70 635 
Crown none 1.02 0.84 1,051 68.5 .. 
Crown* none 1.25 0.86 733 73 72 610 
Quart! none 0.60 0.75 ~5,000 ~24 ~32* ^630 
Pyrex 0.2 N.U. 1.73 0.895 555 71 73 620 
Pyrex 0.3 N.D. 2.46 0.905 434 64 .. •» 
Pyrex 1 A 2.74 0.905 310 80 76 600 
Pyrex 0-52 1.35 0.36S 658 80 75 595 
Pyrex 7-54 1.73 0.895 728 54.5 63 
Pyrex' none 0.73 0.79 1,300 32.5 74 585 
Quartzc none 0.48 0.69 -^5.000 ~3S -44'' •^645 
Pyrex' 0.1 N.D. 1.04 0.85 835 33.5 
Pyrex none 0.70 0.765 1.300 4 38.5 34 600 
Crown none 0.79 0.795 1,052 93 
Crown* none 0.76 0.78 1,142 91 
Pyrex 0.1 N.D. 0.95 0.32 835 95 
Pyrex 0.2 N.D. 1.35 0.865 555 95 
Pyrex 0.3 N.D. 1.70 0.890 434 94 
Pyrex 0-52 1.18 0.85 658 93 37 595 
Pyrex' none 0.61 0.75 1,300 M00 37 ~5S5 
Oiart» none 0.38 0.62 ~5,000 v,   49 '^63'' ^660 

Frow  aquatioa   14 «ad  figure  19 

C.lcul.ted   by   equetioa   II   froa   reriectivity   coaffictaale   aupulied   by 
■anufaclurer,   noraal   iacidaaca 

'Baaed   on   average   of " apparant " and " caleu la ted"  F. 

"Pale" aiida;   all   other "auatanaed" 4  ainutea 

lnvol>ea    long   e«trapolation   of   reflectivity   data 

Special   u.ir.    reflecting  airror 

In>ol>ea   aediua    eitrapolatioa    of   reflectivity   data 

10-aila-thicb;   all   otbar   glaaa   40-BIla -thicb 

The average BT « T - T, for all systems (including black boxes) is 

615 ± 40oK (standard deviation). 

(7)  INDEPENDENT DETERMINATION OF £„, 

As already mentioned, a direct consequence of the proposed 

model is that 



ßr' + 7-^ - BT". + r;. 

or 

ßo7'?rT + ro    -    Ro1"T'?   + ri      • (15) 

In principle, a direct estimate of ß, is therefore possible from measure- 

ments of initiation delays r' and r" of identical aride assemblies con- 

tained in the same shot, but heated to different initial temperatures 

I"1 and 7j.'  In practice, this experiment turned out to be rather compli- 

cated.  To minimize measurement errors of initiation delay the difference 

in r; and T''.  should be made large (of the order of 200°C).  At 200oC 

suntan fades rapidly (»ef. 1) which of course changes aA and flA, and con- 

sequently B0.  To avoid this, untanned PVA lead azide was used.  To ensure 

that it stayed "pale." the shot was fired at night.  Unfortunately the 

shot was fired before it was realised that the crown glass windows used 

have appreciably less transmission below 4000 X at 200DC than at room 

temperature and consequently ß0 is not the same for T'0   and TJ. 

The measured transmissivity curves are shown in figure 20.  The 

transmissivity curve for 220oC was obtained by interpolation. 
IU 

In the wavelength region where transmissivity is temperature 

dependent. 0X and Rk  are approximately constant (see Kig». 9 and 10). 

Therefore (I - flx)aX C8I, be lf,ken out«»«1«: the integral and it follows 

that rewriting Kq. (8) gives 

(i-«A)ax f— (i -VA r*. - iK 

A, '  A, 

where 4-   is the fraction of B0 contained in the wavelength region above 

4000 %   (Table VI).  For T, equal to room temperature </. is small and >/< 

the fraction of B'   at elevated starting temperatures although larger than 

(/> is also expected to be small.  Consequently 

I - 4, 2: I - 4>' 

Th« eipariaantal detiiU of prc-heating the mtii*   HSWtiiSl •'• described in Hef. I. 
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•; 

r4000 

,4000 
JA1      *k9k* 

(16) 

iiy eliminating B'0   according to Eq. (16) and evaluating C numerically, 

Eq. (15) gives the following solution for B0 

10 

09 - 

08 - 

or - 

06 - 

1- 

> 

in 
z 
4 

04 - 

OJ 

02 - 

01 - 

1       1       1 1       1       1 1 

/\4VZy •^rao'e^'^ 
25»C^/       V// 1*^^r — 

7   // j£*VX>'t 1      /   * 
1    / *     A 
I          1      / — 

III 
1 

1         1     / — 

/    //     / 
/    //     / 
/        f     / 
/       1     / 
/ h /   

/ // / 
/ i / 
/ i / 

— 

/ A / 
- / i / / A / 

i 

1} J /ys y /^ ^           1                1 1                   1                   1 1 
JOOO    3200    3400    3600   3800    4000   4200   4400 4600 

Figure 20    SPECTRAL TRANSMISSIVITY OF HEATED CROWN GLASS 
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'o  'o 

Tfll'r' Cl"r") 
(17) 

An average FT   is used since, as will be shown, r'   and r". are not very 

different and according to figures 17 and 18 there is very little variation 

of ¥  or Fr      over shofv time invervals.  Solutions ot Eq. (17) using 

measured '''s are given below 

Co 
AVG T 

(/i<«c) 

RANGE 

(M»ec) 
/ C 

10 
140 

220 

1.42 

1.29 

1.13 

1.35 - 1.51 

1.27 - 1.33 

1.11 - 1.17 

0.88 
0.87 

0.855 

1.00 
0.86 

0.78 

Avg| 

456 

424 

435 

The normalization factor,/V , for this shot is 0.86 and FT   is 

0.725 (Table XIV, 3rd row) therefore FTBJNFT  -  /?„ = 700oK/Msec. which 

agrees well with 7830K/Msec obtained from Eq. (8) with measured value« of 

7.• AX-   UA and ÄA-  Because of the approximations used in obtaining 

Eq. (16), S0 calculated by Eq. (17) is a close lower limit. 

(8)   ACTIVATION ENERGY OF LEAD AZIDE DECOMI'OS ITI ON 

The preceding sections have shown that al 1 the experimental results 

for azide assemblies with windows in contact with the azide lead to 

BT • constant.  It now remains to be proved that Tt   is indeed very close 

to T (Fig. 16) and that self-heating causes thermal explosion in a very 

short time.  The heat balance equation, including self-heating, may be 

written in the form 

dt c  dt 

If the rate controlling process for the thermal decomposition is first 

order, this becomes 

dt 
U o 

ß + — Ml - /)  -  ß + — Ze-*/*T{1   _ f) (18) 
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where Z  is the frequency factor, E  is the activation energy and / is 

the fraction of azide decomposed in time t. 

Equation (18) was programmed for a Burroughs 220 computer and 

solved for T  and / as functions of f for several values of £, Z,   and T 

B  was based on mean values of FT   given in Table XIV and Q/c^ , according 

to the best literature values," was taken as 3250oK.  Some comments are 

in order about the choice of Z and T,.  In Table XIV it was shown that 

% " 7o *" 6150K.  Estimates of the melting point of lead azide range 

from 600 to SOO^.1-u It might therefore be expected that the lead azide 

melts before self-heating becomes appreciable.  Since lead azide is a 

relatively simple molecule, and if it is indeed liquid, one might expect 

normal frequency factors of 10,J to 1014 sec"1.  This simplifies the 

choice of Z  but complicates the choice of initial temperature which now 

becomes T, - Q^C^   where Qf  is the heat of fusion per gram of azide. 

One might guess that Q/   is less than that for lead bromide 

which is 12 cal/g.15  Accordingly T0  was taken as SOO^K (Q    . 0) and 

200^ (g, - 12 cal/g).  Incidentally, the supposition, of the azide 

melting before much decomposition occurs would furnish a good explanation 

for the observed nondependence of T  on particle size (Fig. 15). 

The  solution of Eq. (18) for Pyrex window, is shown in figure 21, 

The plot, of both I and / are certainly of the expected form.  Short inter- 

polations were generally required to get the steep temperature rise to 

occur just prior to the observed r.  Results are summarized in Table XV 

Literature values of the activation energy for the thermal decomposition 

of lead azide obtained in the temperature interval of about 220 to 320oC 

range from 36 to 41 Kcal/mole."^*  Thu. the approximately 36 Kcal/mole 

obta.ned for Z  - 10'4 .ec'' and T0 - 300^ i. in good agreement w.th the 

lower literature value..  To get agreement for T, ■ 200°K, Z  would h.« 

to be about 10" „e"».  For fixed values Z  and F.. E   var.es directly 
with B   for small clianKes in B. 

ive 

(9) POSSIBILITY OF PHOTOCHEM ICAI  INITIATION 

It has been proposedw that azides can be .nitiated by a truly 

photochenacal process, which is   rat. controlling, followed by thermal 

explosion, namely. 
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Figure 21    SOLUTIONS OF THE HEAT BALANCE EQUATION (Eq   18) 
FOR PVA LEAD AZIDE WITH A PYREX GLASS WINDOW 

/VJ  + /II^ - /Vj   +  e" 

*,--*,+  0.39  kcal/g  «zide  dec omposcd 

It is believed that such n reaction can not be important in 

the present investigation for the following reasons: 

From the definition of quantum yield17 

yMn 
J     '      

/jNdx 
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T»ble   XV 

ACTIVATION ENERGY KOH INITIATION OF PVA LEAD A/.IOE 

WINDOW 
MIRROR 

BOXLENGTH 
(inch..) 

FILTER 
7 

(AX 

a» 
»c ) ("K/Vaecl 

Z 
«c.l/.ol.) 

Pyrex 8 none 0.88        720 lO15 300 41.5 
I014 300 36 
10U 300 32 
lO15 200 36 
10U 200 32.5 

» V      1 lO13 200 28.5 
4 0.70       855 I0M 300 36 
4 V 0.70        855 101J 300 31.5 
4 0.1 N.U. 0.95        620 1014 300 36 
4 0.1 N.U. 0.95       620 10'I 300 32 
8 0. 52 1.35        442 1014 300 36.5 
8 0.52 1.35        442 lO13 300 32 
8 0.52 1.3S        442 10l« 200 32 
8 0.52 1.3 5         442 lO13 200 28.5 
8 0.2 N.U. 1.7 3         358 10U 300 38 
8 0.2 N.I). 1.7 3        358 lO13 300 J3.5 
8 0.2 N.U. 1.7 3        358 1014 200 34 
8 0.2 N.U. 1.7 3        358 IU13 

200 30 
8 U 2.7 4       219 1014 300 37.5 
8 1A 2.7 4        219 lO13 300 33.5 
8 1A 2.7 I       219 10»4 200 34 

i 8 IA 2.7 1        219 1013 200 30.5 
guarti 8 none 0.61 )  ^1050' I0i4 300 36 
Oiartc 8 none 0.6( ) ~1050* lO13 30U 32 
(juarlt 8 none 0.6( )      1315* IU14 300 42 
Quarti 8 none U.M >      1315' 1013 30Ü 37 

t Fro« nuaencal   •olutions uf equalion   IB 
DepandiBf on »hat   r^  ia  i.ir„  i0 fc,   for  „.,.   ,„   flfur,  3 
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where 

n  ■  number of quanta absorbed per unit area per 
unit time 

/ ■ fraction of azide decomposed 

y " quantum yield 

/V ■ Avogadro's number 

M - azide molecular weight 

p • azide packing density 

dx • thickness of azide increment 

At the irradiated surface, from E  • hv  and Eq. (8) the number 

of quanta absorbed per unit area per unit time at X is 

and the total number of quanta absorbed in time T in interval A2 to \| is 

A, A, 
i        Tpdx 

T   | ndK  ~   
Ac i ^v1 -«A)«Aä 

which gives 

'A, 'A, 

4000 

--  |   A»A/lA(l -ftA)aAdA  . (19) 

The integral was evaluated numerically for the Pyrex window 

assembly.  Its upper limit represents the absorption edge of single crystals 

of lead azide.  Using > • 0.07 as given by Dodd* for 2537 A, T • 0.88 Msec, 

and frl  '  0.S6 (see Table XIV) gives an estimate of / ^ 0.011 and 

fQ 
AT • —- 35*C (20) 

c 
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which is much too small to lead to thermal explosion.  Possibly, arguments 

could be advanced that most of the reaction somehow occurs in very local- 

ized regions which consequently get much hotter than the neighboring 

regions.  Generally such "hot-spot" reactions are characterized by great 

variability; which is not in line with the excellent reproducibility of 

the initiation delays observed in this study. 

c.  MiscEiLANtous OBSERVATIONS WHICH AHE CONSISTENT 
»ITH THE PROPOSED MECHANISM 

Initiation delays are independent of azide column length.  This 

agrees with the supposition that initiation starts very close to the 

azide surface facing the flash-bomb.  The lack of a particle size effect, 

as already mentioned, is to be expected if the azide melts before much 

decomposition has occurred.  For the same reason and also because the 

density terms cancel out in computing ß0 [Rq. (8)] the nondependence of 

T on packing density is consistent with the proposed initiation model. 

The increased initiation delay, as already discussed, for small diameter 

assemblies is probably caused by slow detonation velocity of the lead 

azide.  The previously observed1 nondependence of r  on degree of suntan 

(1 to 4 minute exposure) is understandable in terms of Eq. (fl) because 

of the "compensation" of flt^ shown in figure 10 (for a lesser suntan there 

is more absorption in the u.V. and less in the visible, and conversely 

for larger suntans).  The strong effect of front surface confinement, also 

referred to us window effect, as well as the nature of the light breakout 

signal are puzzling.  Some speculation as to their cause will be pre- 

sented in the next section. 

d.     LIGHT SIGNALS FROM DETONATING LEAD AZIDE 

Streak camera records (Fig. 5) of lead azide assemblies, initiated 

by the radiation from an argon flash, show that the break-out of light 

from the azide is quite variable.  Some trends in light break-out were 

listed in Table II.  If initiation starts uniformly all over the azide 

surface facing the flash-bomb, signals of the type " St. " or " C" (Table II) 

would be expected.  The majority of observed signals with colloidal lead 

azide, lead azide/Fonnvar mixtures, Pyrex and 0-52, and lead azide/PETN 

composites are of this type.  Rather unexpectedly, in the shorter mirror 

boxes breakout is usually "C" or " St."  In these instances, the azide 

receives a high proportion of direct and singly reflected radiation.  For 
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quartz windows the majority of signals is symmetric which means1 that 

initiation occurs all around the outer periphery of the azide column. 

For pale azide the signals vary, but are largely of the type "U" "T" or 

"U",  No clear trends are apparent for most of the Pyrex or crown glass 

window assemblies.  This is also true for windows which have been raised 

above the azide surface.  Thus there appears to be no correlation between 

type of signal and degree of front-surface confinement. 

In a very rough sort of way, for a given window-fiIter combination, 

the "St." or "C" signals are generally associated with the shorter initia- 

tion delays.  It seems possible that signals observed with composites 

result from rapid establishment of the expected spherical detonation wave 

in the PETN, regardless of the type of signal coming from the azide.  The 

azide in the composites was at a higher density than in other assemblies; 

therefore, it is also conceivable that their signals were originally of 

the "St. " or "C" type.  It has been observed that us little as lAt   inch of 

lucite invariably changes any azide signal to the "C" type. 

In shot 8982, there was a 0.025-inch air-gap between the rear faces 

of two azide assemblies and the usual lucite plnte covering the back of 

the azide holder (Fig. 4).  Both these assemblies gave"M" type light 

breakout.  Most of the other assemblies in this shot which supposedly had 

no air gaps, produced "C" type breakouts.  This may indicate that light 

breakout depends more on closeness of contact between azide and lucite 

plate than on the factors discussed above. 

e.     KFFECT OF FRONT-SURFACE CONFINEMFNT 

It has been shown that intimacy of contact between azide and windows 

can cause large variation« in initiation delay.  The causes behind this 

effect are not all clear.  If no windows are used, initiation delays are 

longer and much more variable than with glass windows, even though the 

azide gets the full radiation of the flash-bomb.1  Very often the light 

signals appearing at the rear surfaces are so faint as to be barrly dis- 

cernible.  This suggests a low azide detonation velocity.  However, strong 

signals are usually observed with window« raised above the azide «urface«. 

Thu«, an explanation of these effects based on the lack of front-surface 

confinement somehow causing a low azide detonation velocity [Sec. 2,6(i0)] 

seem« unlikely.  Sublimation or vaporization of unconfined, hot azide 

layers might offer an explanation, since such a process would abstract 
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energy, and also mechanically remove heated material from the 

of the ezide. If the temperature is too low for appreciable va 

it is also conceivable that liquid azide droplets (the temperst 

prior to initiation appears to be high enough for fusion) in wh 

decomposition has just started are propelled outwards by the ga 

ated by the thermal decomposition. Of necessity, the above is 

lation and critical experiments are needed to interpret the rol 

front-surface confinement. 
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lire just 
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ure   specu- 
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4.  SURFACE INITIATION SYSTEMS 

u.  I'l.ANK WAVK DutOHSTRATIOM 

TI.e applicability of a closely space.1 array of inaividual lead azide 

assemblies, initiated by an trgon flasl.-bomb. Lo the simplest surface 

initiation system—a plane wave-has been demonstrated in shots 8792 and 

<)022.  In both shots lead az ide/l'KTN composite assemblies were used to 

initiate S-inch-thick Comp B.  The light of the Con.p ti  detonation was 

viewed by the streak camera using 21 vertical slits.  Schematic diagrams 

of the assembly of shot 9022   are shown in figure 22.  The still and 

streak camera records are given in figure 23.  A summary of the analysis 

of this shot is presented in Table XVI.  The average delay of three 

control assemblies, consisting of l'VA/1'KTN composites but no Comp B, 

was 1.77 ^sec (1.74 - 1.78).  The over-all jitter in delay for all five 

tests with this type of composite assembly is 0.05 ^isec.  Thus it is 

apparent that the jitter of some 0.20 lo 0.25 ^sec   for the plane wave 

system is considerably larger than the jitter in the lead azide/FKTN 

composites.  The jitter for Pyrex covered lead azide assemblies U5 re- 

sults) are more nearly comparable lo the jitters observed in shot 9022. 

It is significant that the observed delays, corrected for Comp » transit 

time, are shortest directly under an azide/PKTN assembly and increase 

linearly with radial distance lo the center of the nearest composite 

assembly.  It is possible that a better linear fit results if the radial 

distance is measured from the nearest portion, rather than the center, 

of the nearest composite.  The scatter in results does not permit a 

clear distinction between these two approaches.  It is interesting that 

even directly under a composite assembly the average delay is 1.97 ^aec 

rather than the 1.77 /xsec measured for controls.  Transit times through 

the Comp H are based on an average Comp B detonation velocity of 

7.8 inm/,isec.  To account for the above difference of 0.20 /^sec an un- 

real i st ic al ly low Comp B detonation velocity of 6.9 mro//i.sec would have 

to be assumed.  It seems more likely that the 0.20 fiaec   represents a 

delay in the initiation of Comp B.  An extrapolation of the results of 

Campbell et   a I . 2I supports this point of view.  The delay in Comp B 

initiation might explain some of the larger than expected jitters. 

Probably better control of the intimacy of contact between composite 

and Comp B is required. 
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Figure 23    STILL AND STREAK CAMERA 
RECORD OF PLANE WAVE 
DEMONSTRATION SHOT 
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Table XVI 

PLANK WAVE DKMONSTHATI ON; SUMMAHY OF 

ANALYSIS OF SHOT 9022« 

LOCATION READINGS AVG DELAY* 
(Msec ) 

MAX SPHEAD 
(/iSSC) 

Over pellels 
1.96  .   1.96   inche.5 

48 1.97 1.86-2.10 

Itclween pel lets 
(horitontal )A           . 
2.09 .  2.09 inche.» 

47 2.03 1.93-2.15 

Iletween pel lela 
(verlic»nA               . 
2.19  «   1.90  indie.» 

53 2.02 1.92 2.14 

Helween pelleta 
(vcrticel   and 
horitontal)'              , 
2.19  i 2.09 inches» 

46 2.07 1.96-2.16 

Across pellet   face 
0.312 inch Um 

14 0.048 0.033-0.087 

See   figures  22  sad  23  for  sdieaaltc   disgrsas  of shot. 

These   sre  for  stidc/PETN coapostte  ssseablies  of slide   height 
of  44 ails   (42-47).   si ids dsasity  3.03 g/cc   (2.86-3.16),   PtTN 
height   IS8 ails  (154-162).  PETN dsasity  1.34 g/cc   (1.29-1.43). 
All corrected   for  s Coap 11 trsasit   tias  of   1.64 >wec. 

Coap U sres. 
1 0.2S   lach  froa cester   of aesrest   pellet. 

0.3S   inch  froa center   of  aesrest   pellet. 

The results uf shot 87Q2 are in agreement with those just discussed. 

In this shot, one array of composites was in 0. 500-i nc h-O. I), sleeves 

rather than 0.308-inch-U.U. sleeves.  For this array, as expected, the 

Comp I! between composite assemblies lagged behind that directly under 

the composite even more than indicated above. 

6.  POSSIBLE USES OE THE FLASH-UOHU SYSTEM 

KOH PLANE WAVL GENEHAIUHS 

A runviMitiona1 plane wave generator is required to produce a plane 

shock in argon for the suggested lead azide-argon flash-liomb surface 

initiation system.  At first glance, therefore, the suggested surface- 

initiation system would appear to present no advantages fur pIane-surface 

initiation.  However many conventional plane wave generators do nut have 

a unifunii pressure d i st r i but ion across their surface.  In some applica- 

tions (driving plates, for example) a uniform pressure distribution would 

be very advantageous.  The suggested system would have H uniform pressure 

distribution. 
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Con ventiona1 plune wave generaturs for surfaces of any appreciable 

size usually contain several pounds of explosive.  Ttiis may be a serious 

drawback in certain applications (low impulsive loading of test structures). 

The suggested system can overcome this by: 

(1) having an argon container in the form of a frustum of 
a pyramid with relatively small conventional plane wave 

generator initiating a much larger, but less massive, 
azide surface, and 

(2) using a mirror and barricade arrangement to deliver 
radiant energy from a big conventional plane wave gen- 
erator to a thin lead-azide surface in contact with the 

test structure, without damage to the test structure from 
the shock energy of the conventional plane wave generator. 

Since BT   is constant (Table XIV) and the Jitter is generally a fixed 
... 

percentage of ' ISec. 3,0(1)] it is desirable to keep r   small.  This means 

that neither system (1) or (2) can be used for illuminating very large 

surface areas by a small source.  Shot 9253 [Table VI and Sec. 3,a(2)] 

indicates that at least a four-fold increase in area is realizable by 

system (1) if the front surface confinement is well controlled. System (2) 

has not been demonstrated experimentally but it is believed to be en- 

tirely feasible. 

c.  INITIATION OI CURVED SuHFAtts 

A demonstration of the applicability of the suggested system to 

the initiation of curved surfaces Ins not been made because of the un- 

availability of uniform azide sheets (discussed below).  Some results 

of interest  with tilted lead azide assemblies are show.) in Table XVII. 

For Pyrex windows and tilt angles of up to 30° from the vertical there 

appears to be no dependence of initiation delay on tilt angle.  This ia 

very encouraging since it indicates that the suggested system is ap- 

plicable to slightly curved surfaces.  To compensate for greater curva- 

ture it may be necessary to place appropriate filters over portions of 

the curved surface to keep BT   nearly constant.  It is not apparent why 

the initiation delays for tilt angles greater than 30° for Pyrex windows, 

and even at about 19° for crown-glass windows, appear to depend on the 

projected area of the azide surface (cosine of tilt angle).  More 

information is needed. 
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Table XVII 

INITIATION DP.l.AY FOR I'VA I.EAO AZIDK ASSKMItLIKS 
TILTED TOWARD THE OQHP 11 

SHOT 
NO. 

OBSERVATIONS CONFINEMENT 
ANGI E OF 
TUT = (»• 
(d*gre«>) 

AVG. DEI AY = T 
RANGE T CO« 9 

785<» 2 Crown" 0 1.55 1.52-1.59 

785<> 2 Crown 32 1.76 1.74-1 78 1.49 

H5B0 7 Pyrex 0 1.03 0.97 1.10 

Hill» 2 I'yrex 22 1 00 1 00-1 00 -. 
8580 2 l>yrex 30 1.27 1.26-1.27 1.10 

9043 2 Crown 0 0.99 0 95-1.02 

9043 2 Crown 18.7 1.09 1.05-1.U 1.03 

9043 3 Pyrex* 0 0.91 0.88-0.94 
9043 2 Pyrex* 21.S 0.95 0.94-0 96 .- 
9043 2 I'yrex* 26.5 0.91 0.88-0.94 

■ 

Meaaured   froa  v*riic«l. 

* fro«  H.(.    1 

PVA/PE1M cowpoitt«  •■«■■felUa. 

I.EAU A/. IUE SHEET 

Section 4,a makes it obvious thut the success of the sugKestetl system 

of surfui-e initiation will de|iend on the availability of a continuous and 

uniform layer of lead azide.  It is very encouraging (Table X) that con- 

siderable amounts of impurity (binder for the sheet azide) do not affect 

initiation delay.  Some results are given in Table XVIII foi very porous 

and rather nonuniform home-made azide sheet in which some segregation of 

azide and binder exists.  These results leave no doubt thut sheet azide 

can be flush-bomb initiated, but they do point out the necessity of having 

the sheet uzide much more uniform than that made according to the proce* 

duie outlined in Sec. 2,6(1).  Quite likely the procedure for providing 

f ront-.surl'dcc con f i iifinont for sheet uzide needs improvement.  The Du i'ont 

r.ompany has made sheet azide.  Since their preparation involved rolling 

.of the sheet, it is to be expected that their material is much more uni- 

form than the sheet made in this laboratory.  Unfortunately, the Du I'ont 

Company has experienced an accident in the handling of their sheet azide.* 

l.uii.equently,   the  re loie   of   Uli  sheet   amle   tins   teen  suspended   until   the  causes   of   the   sccldent   sre 
estsblished. 
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Table   XVIII 

INITIATION  DELAYS  KO»  90/10  I'VA  LKAI) AZIDK/KOhMVAH SHKIIT' 

SHOT 
.SHEET 

THICKNESS 
(.•I.) 

SUBFACE FACING 
FLASH( BOMB 

INITIATION DELAY* 
(*laec) 

Sheet Coacrul 

9252 

9252 

9042 

9042 

9042 

46 

46 

31 

25 

28 

Azide 

Alide 

Prubably azitle 

Probably azide 

Probably azide 

0.88(1.16) 

1.26(1.16) 

1.04(0.78) 

1.15(0.63) 

1.23(0.71) 

0.73 

0.73 

0.87 

0.87 

0.87 

Sheet   deaaity  about   1.3 g/c.c. 

Mtcruacopic  aaaaiaatioa  revealed  aegre^ation of   atidr   and   fornvar. 

Sheet«   had  Pyrcx   windova;   they  aere  placed  on PETN aaaeidilica  of 
1.32  f/c.c.   correction   for  tranait   tiae  of PETN «aa  takea   aa 
0.37 ^laec;   the bracketed   ter«a   are   the  eatiaated   atide   tranait   I lae»; 
coatrola «ere  standard.   Pyrex   vindua,   I'VA   lead   azide   aaacabliea. 

It ia fell that the suct-ests of tlie lie v<-1 ii|iiiiiMit of u practical system of 

surface initiation liinges un obtainin); unifui-in azide sheet from l)u Font, 

or   else   setting   up   a   fairly   elaborate   procedure   for   making   such   sheets. 

e.        lUPIlUVEU   FllONT-SuitFACE   C'.ON F I NE ME N1 

In Sec.  i. ii ( J I . the dependence of delay Jitter un intimacy of con- 

tact between front-surface confinement (window) and azide was demonstrated. 

In view of this dependence, and also because of ease of application in a 

practical system, it is very desirable to develop a transparent paint 

which can be sprayed or brushed over an azide surface.  Preliminary trials 

with a nitrocellulose lacquer were unsuccessful. '  Kurmvar (the binder 

in the home-made sheet azide) can be deposited as a Luiigh clear layer. 

(In fortunate 1 y, the clear Kormvar window was found to absorb radiation 

in the region where most of the lead azide absorption occurs. 

/'.  K.xFLüb I VE Tit A IN 

in many possible applications of a practical surface initiation 

system, a more powerful and less sensitive main charge than lead azide 

may be desirable.  As sliuwn in Sec. 4,0, lead azide —I'KTN composites 

will reliably initiate Comp H, which appears to lie the logical choice 

for main (barge since it is castable, machinable, and relatively safe. 

A practical explosive train might consist of lead azide sheet, 95/5 
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I'KTN/binder sliest (available i rom Du I'onl and claimed by them to be 

initiated by their lead azide sheet), Du Pont Kl.-SOblJ sheet explosive 

(not initiated directly by lead azide), and Comp U.  The last two con- 

stituents of the train are relatively safe to handle and could be 

assembled together and then mated to the azide sheet and sensitive PKTN 

sheet (remotely if necessary) just prior to the shot. 

fi. Kl.ASH-IJüMUS 

To initiate large, highly curved surfaces it may be necessary to 

use more than one flash-bomb.  In this case, the energy flux and simul- 

taneity of the flash-bombs would have to be controlled carefully. 

Considerable shot-to-shot variation in peak light intensity (see Table VI) 

has been encountered.  Possibly this variation was caused by pockets of 

air not completely flushed out by the flowing argon.  To eliminate this 

possible cause, it may be desirable to evacuate the containers prior to 

flushing them with argon. 

Hise times to peak intensity appear to be quite reproducible 

(Table IV).  It would be desirable, however, to shorten the rise since 

this would increase B  and shorten T.  This can be accomplished, at con- 

siderable expense, by replacing the argon with krypton or xenon (Table IV) 

which would also raise the peak intensity.  A higher detonation velocity 

pad (IIMX for example) in the plane wave generator would also be bene- 

ficial (if such a pad drives the shock through argon at a higher velocity) 

because time to reach peak orgon emissivity would be reduced, (Kcj. 5). 

For the same reason it is expected that araon under pressure (several 

atmospheres) would shorten rise times.  Mechanical shuttering (placing 

a thin opaque membrane, wh i ch is destroyed by the shock, between the C.omp H 

pad and the azide) does not appc-ar to decrease rise times.  In several 

small-scale shots, mechanical shuttering, if anything, slightly increased 

rise t imes. 

h.     HKIOMMKNUAI IONS FOB KUHIIIKH Siuuv 

»ufore a practical system of surface initiation is achieved it is 

imperative to obtain uniform lead-azidn sheet.  It ia ulso necessary t» 

develop some system, probably in the form of a 11 ansp.. r.-u t paint, of 

confining the surface of the azide sheet facing the flaab-boob.  Pro- 

vided lead azide sheet is available, the rest of the ekploaiva train 
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should present no problems. For   certain proposed systems reproducibi1ity 

(peak intensity and rise times) of the flash-bombs will have to be im- 

proved.  Some further study of the effect of tilt of the azide surface 

(with respect to the plane shock in the flash-bomb) on the initiation 

delay will also be required, before highly curved geometries can bs 

surface initiated.  It might be desirable to investigate the possibility 

of replacing lead azide with a sensitive liquid explosive, for example, 

nitroglycerine.  For a liquid explosive close front-surface confinement 

is readily achieved.  The explosive can be made to assume any desired 

contour.  Liquids such as nitroglycerine can be made highly light- 

ubsurbent by dissolving in them minute quantities of organic black dyes. 

It is not known, however, whether rapid self-heating, even in an explo- 

sive as sensitive as nitroglycerine, can lead to detonation in times 

short enough to allow the delay jitter to be sufficiently small. 
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APPENDIX 

I. PRECURSOR IN AHUÜN SHOCKS 

Figure 8 clearly shows a faint luminosity running ahead of the 

bright, Comp B-generatetl, shock in argon. Undoubtedly, this phenomenon 

is the same as that observed by Shreffler and Christian." They attributi 

the prcrursor to a high-velocity disturbance propagating along the con- 

tainer walls.  They claim that this disturbance is caused by radiation 

from the highly luminous main shock.  The steady precursor propagation 

velocity of 10 to 10.7 mm/Msec observed in this laboratory is very close 

to the 11.1 mm/^aec given by Shreffler and Christian. 

2.  TREORBTICAL CALCULATION OK THE TEMPEHATUHE 
OK SHOCKED AHGON 

Hond  has derived equations for the temperature Tm   and the compres- 

sion ratio T),   in terms of the shock velocity U  and equilibrium constants 

for the process, A   - A* * e~.     His calculations are for an initial pres- 

sure of 59.4 cm Hg (ambient pressure at Los Alamos).  He shows how the 

equilibrium constants vary with initial pressure.  The tabulation below 

gives Bond's original results, our results using Hond's equations and 

data to correct to an ambient pressure of 76 cm Hg, and a calculation 

according to Hond's methods but varying, x, the equilibrium fraction of 

argon ionized to bring 7'^ to the observed value of 29000oK. 

V 'o T. 

Itond 

{mm/fift) (ca   Hgl 1 CK) 

B.3 59.4 0.34 9.5 23, SOU 
Itiu   report 8.3 76 0.33 9.3 23,900 
Ihi«  report 
Kitperimental 

8.3 76 0.265 7.9 29,0UU 
8.26 59.4 -- 9.4*0.5 -- 

This tabulation indicates that a relatively small change in »will 

bring (Ta)ult   and (f,),,,, into agreement.  However this small- change in 

x   appears to worsen the agreement between (T/) ,  and (n) 
obi       *"••!• 
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Incidentally, Bond's calculations indicate that both translational 

and ionizutiun equilibria for shocked argon are attained in several 

nanoseconds. 

The value of T    of 26,500 K given in Ref. 1 is based on calculations 

for an argon "shock velocity" of 9.6 inni//xsec.  It is now apparent that 

this shock velocity was an average precursor propagation velocity 

(Appendi x A). 
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